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S U M M A R Y
T h e  f i r s t  c h a p te r  is  a r e v ie w  in  fo u r  p a r ts .  P a r t  one c o n s id e r s ,  
f i r s t l y ,  th e  fo r m s  in  w h ic h  t r a c e  m e ta ls  a p p e a r  in  s o i l ,  m e th o d s  o f  
e x t r a c t io n ,  a n d  th e  r e la t io n  b e tw e e n  the  q u a n t ity  o f  m e ta l  e x t r a c t e d  b y  
r e a g e n ts  a n d  th e  q u a n t ity  n a t u r a l ly  a v a i la b le  to  th e  p la n t , a n d , s e c o n d ly ,  
th e  n a tu r e  o f s o i l  o r g a n ic  m a t t e r ,  i ts  e x t r a c t io n  a n d  f r a c t io n a t io n .  P a r t  
tw o  r e v ie w s  b o th  th e  e v id e n c e  fo r  a n d  s tu d ie s  in to  th e  n a tu r e  o f  t r a c e  
m e t a l - o r g a n ic  m a t t e r  in te r a c t io n s .  P a r t  th r e e  d is c u s s e s  v a r io u s  m e th o d s  
o f a p p ly in g  t r a c e  m e ta ls  to  s o i l .  F in a l ly ,  in  th e  la s t  p a r t ,  c o n s id e r a t io n  
is  g iv e n  to  th e  in f lu e n c e  on t r a c e  m e t a l  le v e ls  in  p la n ts  o f c h e la t in g  a n d  
c o m p le x in g  a g e n ts  ( t r a c e  m e ta l  f r e e ) .
C h a p te r  2 p re s e n ts  the  r e s u lts  o f th e  i n i t i a l  p o t a n d  f i e ld  e x p e r i ­
m e n ts . S m a l l  q u a n t it ie s  (0  -  150 p g /1 0 0  g s o i l)  o f th e  c h e la t in g  a g e n ts  
E D D H A , E D T A ,  an d  2 -k e to g lu c o n ic  a c id , w e r e  s o i l - a p p l ie d  to  a c id  a n d  
l im e d  s o i l .  T h e r e  w a s  no s ig n i f ic a n t  e f fe c t  on t r a c e  m e ta l  c o n te n t o r  
u p o n  y ie ld  o f th e  p o t -g r o w n  b e a n  P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r .  
O n  c o m p a r in g  r e s u lts  f r o m  th e  tw o  e x p e r im e n ts  i t  w a s  n o te d  th a t  p la n ts  
g ro w n  on l im e d  s o i l  w e r e  t a l l e r ,  th in n e r ,  m o r e  e a s i ly  b r o k e n  a n d  le s s  
g r e e n  th a n  p la n ts  g ro w n  on a c id  s o i l.  M o s t  t r a c e  m e ta ls  b e c o m e  le s s  
a v a i la b le  as  s o i l  p H  in c r e a s e s  a n d  th is  w a s  r e f le c te d  in  lo w e r e d  m a n g a n e s e  
a n d  z in c  c o n te n ts  in  th e  l im e - g r o w n  p la n ts . S te m  i r o n  le v e ls ,  h o w e v e r ,  
w e r e  h ig h e r  th a n , o r  c o m p a r a b le  w ith ,  th o s e  o f a c id - g r o w n  p la n ts , w h ic h  
s u g g e s ts  th e  c h lo r o s is  o c c u r r e d  n o t b e c a u s e  t h e r e  w a s  in s u f f ic ie n t  i r o n  
in  th e  p la n t  b u t b e c a u s e  th e  i r o n  p r e s e n t  w a s  in  a n  u n u s a b le  f o r m .
In  f ie ld  e x p e r im e n ts ,  b ic a r b o n a te , c i t r a t e ,  E D D H A  a n d  2 -  — -
k e to g lu c o n ic  a c id , a l l  s o i l -a p p lie d ,  in  th e  s a m e  c o n c e n tr a t io n  r a n g e , to  
th e  s a m e  s p e c ie s , a ls o  h a d  no s ig n if ic a n t  e f fe c t  on y ie ld  o r  u p o n  t r a c e  
m e t a l  c o n te n t.
S u b s e q u e n t p o t e x p e r im e n ts  u s in g  th e  s a m e  s p e c ie s  a r e  d is ­
c u s s e d  in  C h a p te r  3. A p p l ic a t io n s  in  the  ra n g e  0 -  1000  jj.g /1 0 0  g s o i l  
s h o w e d  th e  c h e la t in g  a g e n ts  c i t r a t e ,  E D T A ,  a n d  2 -k e to g lu c o n ic  a c id  to  
h a v e  l i t t l e  s ig n if ic a n t  e f fe c t  u p o n  t r a c e  m e ta l  le v e ls  o r  u p o n  y ie ld .
(v i)
S o m e  t r e n d s  w e r e  o b s e r v e d , h o w e v e r ,  a n d , w h i le  n o t s t a t i s t i c a l l y  s ig ­
n i f ic a n t ,  i t  w a s  f e l t  th a t  th e s e  in d ic a t e d  th a t  f u r t h e r  r e s e a r c h  m ig h t  b e  
w o r t h w h i le .
I r o n ,  m a n g a n e s e  a n d  z in c  c h e la te s ,  s o i l - a p p l ie d ,  i n  th e  s a m e  
r a n g e ,  w e r e  r a t h e r  m o r e  s u c c e s s fu l  b u t  t h e i r  e f f e c ts  w e r e  n o t s t r a ig h t ­
f o r w a r d .  F o r  e x a m p le ,  in c r e a s in g  i r o n  E D T A  a p p l ic a t io n s  r a is e d  i r o n  
a n d  a ls o  m a n g a n e s e  le v e ls .  M a n g a n e s e  E D T A  n o t  o n ly  r a is e d  m a n g a n e s e  
le v e ls  b u t g a v e  th e  h ig h e s t  i r o n  le v e ls  w h i le  p r o d u c in g  th e  lo w e s t  z in c  
l e v e ls .  O n  th e  o th e r  h a n d , c h a n g in g  th e  a p p l ic a t io n  l e v e l  o f  z in c  E D T A  
h a d  no  s ig n i f ic a n t  e f f e c t  in  d e c r e a s in g  o r  in c r e a s in g  z in c  le v e ls  a lth o u g h  
z in c  E D T A  d id  p r o d u c e  th e  h ig h e s t  le v e ls  o f  z in c  i n  th e  p la n t  r o o t .
I n  C h a p t e r  4, a s e r ie s  o f  a u t o r a d io g r a p h ic  e x p e r im e n t s  w e r e
c o n d u c te d  to  d e t e r m in e  i f  a  r a d io a c t iv e  la b e l  in c o r p o r a t e d  i n  s o m e  o f
th e  c h e la t in g  a g e n ts  u s e d  in  b o th  p o t a n d  f i e l d  e x p e r im e n t s  c o u ld  b e
14
a b s o r b e d  b y  th e  b e a n  p la n ts .  U s in g  C - l a b e l l e d  b ic a r b o n a t e ,  c i t r a t e
14
a n d  E D T A ,  i t  w a s  o b s e r v e d  th a t  C  w a s  a b s o r b e d  in to  th e  r o o t  a n d
t r a n s lo c a t e d  to  th e  s te m  w i t h  a l l  t h r e e  a g e n ts , a lth o u g h  t r a n s lo c a t io n
s e e m e d  le s s  p ro n o u n c e d  w it h  c i t r a t e  th a n  w i t h  E D T A  a n d  b ic a r b o n a t e .
14
E x a m in a t io n  o f the  c o n tro l p la n t n e g a tiv e s  s u g g e s te d  th a t  th e  C -H C O ^
s u p p lie d  to  th e  t r e a t e d  p la n t  w a s  b r e a k in g  d o w n  w i t h  th e  r e le a s e  o f  
14
C O  (g )  w h ic h  th e n  b e c a m e  a v a i la b le  to  th e  c o n t r o l  d u r in g  p h o to -  
s y n th e s is .  In v e s t ig a t io n s  in to  th e  p o s s ib i l i t y  t h a t  th is  b r e a k d o w n  
o c c u r r e d  in  th e  s o i l  a r e  d e s c r ib e d  in  th e  A p p e n d ix .  M a n o m e t r i c  e x p e r i ­
m e n ts  u s in g  s u c r o s e  s o lu t io n s  in d ic a t e d  t h a t  m a n o m e t r y  w o u ld  be
u n s u ita b le  f o r  th e  d e te c t io n  o f th e  s m a l l  v o lu m e  c h a n g e s  to  b e  e x p e c te d
14 -
f r o m  th e  q u a n t i t ie s  o f  C - H C O ^  in v o lv e d  in  th e  a u t o r a d io g r a p h ic
e x p e r im e n t s .  (3 -s c in t i l l a t io n ,  h o w e v e r ,  w a s  fo u n d  to  b e  c a p a b le  o f
d e te c t in g  s m a l l  v o lu m e s  o f la b e l le d  g as  a n d , b e in g  h ig h ly  s p e c i f i c ,
14
p in p o in te d  th e  s o u r c e  o f th e  (g )  e v o lv e d . T h e  p r o b le m s  o f  i n ­
c o m p le te  in c o r p o r a t io n  o f s a m p le  in  s c in t i l l a n t  a n d  o f p h a s e  s e p a r a t io n  
r e q u i r e  to  be o v e r c o m e .
C h a p t e r  5 r e v ie w s  th e  w o r k  o f  th e  th e s is  a n d  s u g g e s ts  p o s s ib le  
f u t u r e  w o r k .
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N O T E  O N  N O M E N C L A T U R E
T h e  t e r m  c h e la t in g  a g e n t h as  b ee n  u s e d  in  th is  th e s is  a lth o u g h  
in  s o m e  c a s e s  (e . g. w h e r e  b ic a r b o n a te  is  m e n t io n e d )  th e  t e r m  c o m -  
p le x in g  a g e n t  w o u ld  b e  m o r e  c o r r e c t .
1C H A P T E R  1 
IN T R O D U C T IO N
1 .1  T R A C E  M E T A L S
T r a c e  m e ta ls  in  s o i l  m a y  be d e f in e d  as th o s e  m e ta ls  w h ic h  a r e  
p r e s e n t  a t  such  lo w  le v e ls  th a t  t h e i r  c o n c e n tra t io n s  a r e  u s u a l ly  m e a s u r e d  
in  p a r ts  p e r  m i l l io n .  T h e  fo l lo w in g  ta b le  in d ic a te s  c o n c e n tr a t io n  ra n g e s  
f o r  a fe w  o f th e  t r a c e  m e ta ls  c o m m o n ly  fo u n d  in  s o i l .
T a b le  1 .1 . 1 T h e  ra n g e  in  m ic r o n u t r ie n t  c o n te n t c o m m o n ly  fo u n d  in  
s o ils
N u t r ie n t
%
N o r m a l  R a n g e
p a r ts  p e r  m i l l io n
F e 0 . 5 - 5. 0 5 ,0 0 0  -  5 0 , 0 0 0
M n 0 . 0 20 - 1. 0 2 0 0  -  1 0 ,0 0 0
Z n 0. 001 - 0. 0 25 10 -  2 5 0
B 0 . 005 - 0. 015 5 -  150
C u 0 .0 0 0 5 - 0. 015 5 -  150
C o 0 .0 0 0 1 - 0 . 005 1 -  50
M o 0 . 0 0 0 0 2 - 0. 0 0 0 5 0. 2 -  5
F r o m  B u c k m a n  a n d  B r a d y ,  19 6 9 ,' p . 2 3 .
In t e r e s t  in  t r a c e  m e ta ls  in  s o i l  h as  in c r e a s e d  o v e r  th e  la s t  tw e n ty  
to  t h i r t y  y e a r s  la r g e ly  as a  r e s u l t  o f  a g r e a t e r  a w a r e n e s s  o f t h e i r  
im p o r t a n t  r o le  in  m a n y  a s p e c ts  o f p la n t  a n d  a n im a l  n u t r i t io n .  T e c h n iq u e s ,  
su ch  as A to m ic  A b s o r p t io n  S p e c t r o p h o to m e tr y , w h ic h  a l lo w  th e  q u a n ­
t i t a t iv e  a n a ly s is  o f m e ta ls  a t  v e r y  lo w  le v e ls  h a v e  a ls o  c o n tr ib u te d  to  
th is  g ro w th  o f in t e r e s t .  I n i t i a l l y  th e r e  w a s  c o n c e n tr a t io n  u p o n  to x ic i t y  
a n d  d e f ic ie n c y  p r o b le m s . M o r e  r e c e n t ly ,  h o w e v e r ,  a t te n t io n  h as  te n d e d  
to  fo c u s  upon the  s p e c if ic  r o le s  o f t r a c e  m e ta ls  in  th e  b io c h e m ic a l  a n d  
p h y s io lo g ic a l  p ro c e s s e s  o f p la n t  a n d  s o i l .  B e c a u s e  th e  t r a c e  m e ta ls  
in v o lv e d  in  th e s e  p ro c e s s e s  o r ig in a te d  in  th e  s o i l  m a n y  r e s e a r c h e r s  h a v e  
b e e n  c o n c e rn e d  to  d e te r m in e  th e  le v e ls  a t  w h ic h  th e y  o c c u r , th e  fo r m s
2in  w h ic h  th e y  a p p e a r  a n d  to  is o la te  th o s e  fa c to r s  w h ic h  in f lu e n c e  t h e i r  
a v a i la b i l i t y .  F o r  e x a m p le ,  o rg a n ic  m a t t e r ,  in d ig e n o u s  a n d  a d d e d , h as  
b e e n  sh o w n  to  be one o f th e s e  in f lu e n c e s , b e in g  a b le  b o th  to  in c r e a s e  
a n d  d e c r e a s e  t r a c e  m e ta l  a v a i la b i l i t y .
T h is  th e s is  w i l l  r e v ie w  a s p e c ts  o f th e  in d ig e n o u s  t r a c e  m e ta ls  
a n d  o rg a n ic  m a t t e r  o f s o i l ,  th e  in te r a c t io n s  b e tw e e n  th e m  a n d  m e th o d s  
o f  in c r e a s in g  t r a c e  m e ta l  a v a i la b i l i t y  by th e  a d d it io n  of v a r io u s  ty p e s  o f  
f e r t i l i z e r .  T h e  p r a c t ic a l  w o r k  d e s c r ib e d  in  C h a p te r s  2 , 3 a n d  4  c o n s id e r s  
in  m o r e  d e t a i l  th e  d i r e c t  a d d it io n  o f c o m p le x in g  a n d  c h e la t in g  a g e n ts  to  
s o i l  an d  t h e i r  e ffe c ts  on th e  p la n t  a v a i la b i l i t y  o f c e r t a in  t r a c e  m e ta ls .
1. 2 IN D IG E N O U S  T R A C E  M E T A L S
T r a c e  m e ta ls  o c c u r  in  s o ils  in  a v a r ie t y  o f f o r m s .  C o p p e r ,  f o r  
e x a m p le ,  h as  b e e n  d e m o n s tr a te d  to  e x is t  in  f iv e  d i f f e r e n t  s o i l  f r a c t io n s  -  
in  s o i l  s o lu t io n , w e a k ly  b o u n d  to  s p e c if ic  s ite s ,  o r g a n ic a l ly  bo u nd , 
o c c lu d e d  in  s o i l  o x id e  m a t e r i a l  a n d  as a r e s id u e  in  c la y  la t t ic e  s t r u c tu r e s  
( M c L a r e n  a n d  C r a w fo r d ,  1 9 7 3 ).
A  fe w  o f th e  m o r e  c o m m o n  fo r m s  in  w h ic h  t r a c e  m e ta ls  a p p e a r  
w i l l  be  c o n s id e r e d  b r ie f l y .
1 .2 . 1  F O R M S  IN  W H IC H  T R A C E  M E T A L S  A P P E A R  I N  S O IL
(1) T r a c e  m e ta ls  in  p r im a r y  m in e r a ls
T r a c e  m e ta ls  h a v e  b e e n  fo u n d  in  v a r y in g  q u a n t it ie s  in  ig n e o u s  
r o c k s .  I r o n  a n d  m a n g a n e s e , f o r  e x a m p le , a r e  p r o m in e n t  in  o c c u p y in g  
s t r u c t u r a l  p o s it io n s  in  s o m e  o r ig in a l  s i l ic a t e  m in e r a ls  w h ile  c o b a lt  is  
c a p a b le  o f r e p la c in g  m a n g a n e s e  ( I I )  io n s  in  th e  c r y s t a l  la t t ic e s  o f a  
n u m b e r  o f s y n th e t ic  a n d  n a t u r a l ly  o c c u r r in g  m a n g a n e s e  m in e r a ls  ( M c ­
K e n z ie ,  1970; T a y lo r  a n d  M c K e n z ie ,  19 6 6 ). T r a c e  m e ta ls  p r e s e n t  in  
c r y s t a l l in e  f o r m  o r  w ith in  la t t ic e  s t r u c tu r e s  a r e  n o t im m e d ia te ly  a v a i l ­
a b le  to  p la n ts . H o w e v e r ,  th e y  m a y  be r e le a s e d ,  s lo w ly , o v e r  a  p e r io d  
o f t im e ,  b y  a v a r ie t y  o f w e a th e r in g  p r o c e s s e s .
(2 )  T r a c e  m e ta ls  h e ld  in  a d s o rb e d  fo r m s
M a n y  r e a d i ly  a v a i la b le  t r a c e  m e ta ls  a r e  h e ld  in  s o i l  b y  a d s o r p t io n
e i t h e r  o n to  c la y  m in e r a ls  th e m s e lv e s  o r  o n to  m e ta l  o x id e  c o a t in g s  on  
th e  c la y  m in e r a ls .  M a n g a n e s e  o x id e s , f o r  e x a m p le , a p p e a r  to  c o n ta in  
h ig h  c o n c e n tra t io n s  o f F e ,  C o , N i ,  Z n , B a  a n d  P b ,w h i le  i r o n  o x id e s  
r e t a in  V ,  M n , N i ,  C o , Z n , A s ,  Se a n d  M o  ( N o r r is h ,  1 9 7 5 ).
L e  R ic h e  (1 9 7 3 ), a f t e r  f in d in g  th a t  n e a r ly  a l l  th e  c o b a lt  c o u ld  b e  
e x t r a c t e d  f r o m  a  v a r ie t y  o f  s o ils  b y  h y d ro g e n  p e r o x id e  a n d  a m m o n iu m  
o x a la te  (u n d e r  u l t r a - v i o l e t  l ig h t ) ,  c o n c lu d e d  th a t  th e  m e ta l  h a d  b e e n  
a s s o c ia te d  w ith  th e  s e s q u io x id e  f r a c t io n .  V in o g r a d o v  (1 9 5 9 ) a n d  M i t c h e l l  
(1 9 6 4 ) fo u n d  m o ly b d e n u m  in  a s s o c ia t io n  w ith  i r o n  o x id e s  a n d  s u g g e s te d  
i t  w a s  p r e s e n t  a s  a n  a d s o rb e d  p h a s e . J o n e s  (1 9 5 6 , 1 95 7 ) n o te d  a  s e r io u s  
d e c r e a s e  in  m o ly b d e n u m  r e te n t io n  w h e n  i r o n  o x id e s  w e r e  r e m o v e d  f r o m  
s o ils  w h ic h  u s u a l ly  s t r o n g ly  a d s o rb e d  i t .  H a r d e r  (1961) c o n c lu d e d  th a t  
b o ro n  w a s  a d s o rb e d  b y  i l l i t e  c la y  w h e n  h e  w a s  u n a b le  to  r e c o v e r  a d d e d  
b o ro n  w h i le  o th e rs  h a v e  s u g g e s te d  th a t  i t s  in c o r p o r a t io n  in  s i l ic a t e  
m in e r a ls  m a y  in v o lv e  s o l id  s ta te  d if fu s io n  ( E l l i s  a n d  K n e z e k ,  1 9 7 2 ).
A d s o r p t io n  o f  t r a c e  m e ta ls  m a y  o c c u r  v ia  s p e c if ic  c o v a le n t  bonds  
o r  b y  e le c t r o s t a t ic  in t e r a c t io n s .  M e ta ls  h a v in g  a h ig h  a f f in i t y  f o r  a  s u r ­
fa c e  a r e  a b le  to  d is p la c e  o th e r ,  a lr e a d y  a d s o rb e d , m e ta ls  o f lo w e r  
a f f in i t y .  M i t c h e l l  (1 9 6 4 ) g iv e s  th e  fo l lo w in g  d is p la c e m e n t  o r d e r :
C u  > P b  > N i  > C o  >  Z n  > B a  > R b  >  S r  > C a  >  M g  > N a  >  L i .
(3 )  T r a c e  m e ta ls  in  s o i l  s o lu t io n
A s  f a r  as  th e  p la n t  is  c o n c e rn e d  th e  m o s t  im p o r t a n t  s o u rc e  o f 
t r a c e  m e ta ls  (a n d  o th e r  n u t r ie n t  s p e c ie s )  is  p r o b a b ly  th e  s o i l  s o lu t io n .
S o il  s o lu t io n  m a y  a c t  as  a  t r a n s p o r t  m e d iu m  b r in g in g  t r a c e  m e ta ls  to  
th e  r o o t  s u r fa c e  w h e r e  th e y  m a y  be p a s s iv e ly  a b s o rb e d  w ith  th e  s o i l  
s o lu t io n  in  th e  c o u rs e  o f th e  n o r m a l  fu n c t io n in g  o f  th e  p la n t .  T h e y  m a y  
a ls o  a r r i v e  a t  th e  p la n t  r o o t  as th e  r e s u l t  o f  d if fu s io n  th ro u g h  th e  s o i l  
s o lu t io n .
T h e  S o il S o c ie ty  o f A m e r ic a  (19 65 ) d e f in e d  s o i l  s o lu t io n  to  be th e  
a q u e o u s  l iq u id  p h a s e  o f s o i l  a n d  its  s o lu te s , c o n s is t in g  o f io n s  d is s o c ia te d  
f r o m  th e  s u r fa c e s  o f th e  s o i l  p a r t ic le s  a n d  o th e r  s o lu b le  m a t e r ia ls .  A  
s im p le r  d e f in it io n  w o u ld  be the  aq u e o u s  c o m p o n e n t o f a s o i l  a t  f ie ld  
m o is tu r e  c o n d it io n s .
B e c a u s e  th e  v o lu m e  o f  s o i l  s o lu t io n  in  a s o i l  is  v e r y  s m a l l  a n d  
th e  c o n c e n tr a t io n  o f  t r a c e  e le m e n ts  in  i t  e x t r e m e ly  so, i t  is  u s u a l to  
e x t r a c t  th e  s o lu t io n  b e fo r e  a t te m p t in g  to  d e te r m in e  th e  c o n c e n tra t io n s  
o f th e  v a r io u s  t r a c e  m e ta ls  in  i t .  T h is  a s s u m e s , o f c o u rs e , th a t  
e x t r a c t io n  d oes  n o t m o d ify  th e  s o i l  s o lu t io n  in  a n y  w a y . U s in g  a  f l a m e -  
le s s  A to m ic  A b s o r p t io n  te c h n iq u e  Y a m a s a k i e t  a l . (1 9 7 5 ) o b ta in e d  th e  
fo l lo w in g  t r a c e  e le m e n t  c o n c e n tra t io n s  in  s o i l  s o lu tio n s  f r o m  a  v a r ie t y  
o f  s o i ls .
T a b le  1. 2 .1 .1  C o n c e n tr a t io n  o f t r a c e  m e ta ls  in  s o i l  s o lu t io n  (p p b )
S o il
E le m e n ts  ------------------------------------------------- ------------------------------------------------
A l lu v ia l  P u m ic e  V o lc a n ic  a s h
A l 4 6 0 211 1 ,4 0 0
C d 5. 64 0 . 0 9 8 0 . 61
C o 2 . 8 8 0. 74 8 . 34
C r 0. 35 0 . 53 1. 25
C u 3 6 . 8 2 2 . 8 5 2 . 7
F e 16. 3 12. 3 16. 7
M n 2 4 3 10 7 00
M o 2 N . D . < 0 .  5
N i 150 60 . 5 5 55
P b 8 . 34 1 4 .9 2 0 . 0
Z n 351 127 541
I t  s h o u ld  be n o te d  th a t  a lth o u g h  th e s e  r e s u lts  w e r e  s ta te d  in  ppb  
i t  is  n o t c le a r  w h e th e r  th e  a u th o rs  in te n d e d  th e  A m e r ic a n  o r  B r i t i s h  
'b i l l i o n 1. T h e  z in c  r e s u lts  s u g g e s t th e  A m e r ic a n  c o n v e n tio n  w a s  u s e d  
in  w h ic h ’ b il l io n ' s ig n if ie s  one th o u s a n d  m i l l i o n . ’
V a r io u s  fa c to r s  a f fe c t  th e  c o n c e n tr a t io n  o f t r a c e  m e ta ls  in  s o i l  
s o lu t io n :
( i )  P la n ts :  p la n ts  a r e  c o n tin u o u s ly  r e m o v in g  t r a c e  m e ta ls
f r o m  s o il  s o lu t io n  as  a n o r m a l  p a r t  o f t h e i r  l i f e  c y c le s .  T o t a l  d e p le t io n  
o f th e  s o i l  s o lu t io n  does n o t o c c u r , h o w e v e r , b e c a u s e  th e s e  lo s s e s  a r e
5m a d e  go o d  f r o m  o th e r  s o u rc e s . F o r  e x a m p le , th e  s o l id  p h a s e s  in  a  s o i l  
te n d  to  h a v e  a  b u f fe r in g  e f fe c t  up o n  th e  c o n c e n tr a t io n  o f  s o lu b le  n u t r ie n t  
s p e c ie s  w i t h in  s o i l  s o lu t io n . F ig u r e  1. 2 .1 .1  i l l u s t r a t e s  th e  s itu a t io n .
F ig u r e  1. 2 . 1 .1  D ia g r a m m a t ic  r e p r e s e n ta t io n  o f th e  d y n a m ic
e q u i l ib r ia  o c c u r r in g  in  s o i ls .
s o i l
s o lu tio n
n u t r ie n t  
u p ta k e  by  
p la n ts
c r y s t a l l in e  
m in e r a ls  a n d  
p r e c ip i t a te s
o r g a n ic  m a t t e r  
a n d
m ic r o - o r g a n is m s
e x c h a n g e
an d
s u r fa c e  a d s o r p t io n
F r o m  L in d s a y ,  1 9 7 2 a , p . 4 2 .
I t  is  u n l ik e ly  th a t  t r u e  e q u i l ib r iu m  is  e v e r  a c h ie v e d  d ue  to  th e  
in t e r v e n t io n  o f  fa c to r s  such  a s  f lu c tu a t in g  t e m p e r a t u r e ,  g ro w in g  ro o ts  
a n d  c h a n g in g  m o is tu r e ,  o x y g e n  a n d  c a rb o n  d io x id e  le v e ls .
( i i )  S o il p H : g e n e r a l ly  an  in v e r s e  r e la t io n s h ip  e x is ts  b e tw e e n
t r a c e  m e t a l  c o n c e n tra t io n s  in  s o i l  s o lu t io n , a n d  s o i l  p H , w ith  t r a c e  
m e t a l  c o n c e n tra t io n s  d e c r e a s in g  as  p H  in c r e a s e s .  M o ly b d e n u m , in  w h ic h  
th e  o p p o s ite  o c c u r s , is  a  n o ta b le  e x c e p t io n . In  c o n s e q u e n c e , d e f ic ie n c y  
p r o b le m s  m a y  a r is e  a t  h ig h e r  p H 's  w h i le  a t  lo w e r  p H 's  to x ic  m e ta l  le v e ls  
m a y  o c c u r . M a g is ta d  (1 9 2 5 ) s e e m s  to  h a v e  b e e n  th e  f i r s t  to  c o r r e la t e  
p o o r p la n t  g ro w th  in  s o ils  a t  h ig h  and  lo w  p H  w ith  th e  h ig h  (a n d  h e  s u g g e s ts  
to x ic )  c o n c e n tra t io n s  o f a lu m in iu m  fo u n d  a t  s u ch  p H 's .
( i i i )  S o il o rg a n ic  m a t t e r :  i t  a p p e a rs  th a t  s o i l  o r g a n ic  m a t t e r  
p la y s  a  v e r y  im p o r t a n t  r o le  in  k e e p in g  t r a c e  m e ta ls  in  a s o lu b le  f o r m  
in  s o i l  s o lu t io n . H o d g s o n  e t a l . (19 65 ) fo u n d  a p o s s ib le  a s s o c ia t io n  
b e tw e e n  th e  s o lu b le  o r g a n ic  f r a c t io n  o f  a  s o i l  a n d  c e r t a in  c a t io n s . In  
a d d it io n , m e ta l  c o m p le x in g  w a s  o b s e rv e d  to  b e  g r e a t e r  in  s o i l  s o lu t io n
6fro m , s u r fa c e  th a n  f r o m  s u b -s u r fa c e  h o r iz o n s . H o d g s o n  e t  a l . (1 9 6 6 )  
s u g g e s te d  th a t ,o n  a v e r a g e , 9 9 % o f  th e  c o p p e r  a n d  60%  o f th e  z in c  in  s o i l  
s o lu t io n  d is p la c e d  f r o m  c a lc a r e o u s  s o i l  w a s  c o m p le x e d  w ith  s o i l  o rg a n ic  
m a t t e r .  G e e r in g  a n d  H o d g s o n  (19 69 ) a ls o  c o n s id e r e d  c o p p e r  a n d  z in c  in  
s o i l  s o lu t io n  to  be  la r g e ly  p r e s e n t  as m e ta l  -  o r g a n ic  m a t t e r  c o m p le x e s  
a n d  a t te m p te d  to  c h a r a c t e r is e  th e  m a t e r ia ls  r e s p o n s ib le .
N o r v e l l  (1 9 7 2 ) a p p ro a c h e d  th e  id e a  o f t r a c e  m e t a l  -  o rg a n ic  
m a t t e r  c o m p le x e s  in  s o i l  s o lu t io n  in  a s l ig h t ly  d i f f e r e n t  w a y  b y  c o n s id ­
e r in g  th e  e ffe c ts  o f s y n th e t ic  c h e la t in g  a n d  c o m p le x in g  a g e n ts  on th e  
s o lu b i l i t ie s  a n d  c o n c e n tra t io n s  o f t r a c e  m e ta ls  in  s o i l  s o lu t io n . H e  c o n ­
c lu d e d  th a t  m a n g a n e s e  ( I I )  io n s  w e r e  le s s  a b le  to  c o m p e te  fo r  c h e la t in g  
a g e n ts  in  s o i l  s o lu t io n  th a n  c o p p e r  ( I I )  a n d  z in c  ( I I )  io n s  a n d  th a t  c o p p e r
( I I )  c h e la te s  w e r e  g e n e r a l ly  m o r e  s ta b le  th a n  th o s e  o f z in c  ( I I ) .  A ls o ,  
h e  s h o w e d  th a t  c h e la t io n  o f i r o n  ( I I I )  b y  c e r t a in  c h e la t in g  a g e n ts  such  as  
E G T A  a n d  H E D T A  c o u ld  be a f fe c te d  b y  c a lc iu m  a n d  a lu m in iu m  ( H I )  io n s  
w h ic h  c o m p e te d  s u c c e s s fu lly  fo r  th e  a g e n ts . T h e  c h e la t in g  a b i l i t y  o f  
o th e r  a g e n ts  ( fo r  e x a m p le , E D D H A )  w a s  n o t s e r io u s ly  a f fe c te d .  A  
s i m i la r  c o m p e t it iv e  s itu a t io n  p r o b a b ly  e x is ts  b e tw e e n  t r a c e  m e ta ls  a n d  
n a t u r a l ly  o c c u r r in g  c h e la t in g  a g e n ts  in  n a t u r a l  s o i l  s o lu t io n .
T h is  d is c u s s io n  h a s  c o n s id e r e d  o n ly  th e  r o le  o f s o lu b le  a n d  n o t  
o f  to t a l  o r g a n ic  m a t t e r .  T h e  l a t t e r  does h a v e  a  p a r t  to  p la y  in  s u p p ly in g  
t r a c e  m e ta ls  to  p la n ts  a n d  th is  w i l l  be  c o n s id e r e d  l a t e r .  A d d i t io n a l ly ,  
o n ly  th e  r o le  o f o r g a n ic  m a t t e r  in  in c r e a s in g  o r  m a in ta in in g  t r a c e  m e ta l  
a v a i la b i l i t y  h a s  b e e n  c o n s id e r e d . O r g a n ic  m a t t e r  m a y  a ls o  r e d u c e  th e  
a m o u n t  a v a i la b le  b y  c o m p e t it io n  w ith  p la n t  ro o ts  a n d /o r  b y  th e  f o r m a t io n  
o f  in s o lu b le  o rg a n ic  m a t t e r  -  m e ta l  c o m p le x e s  ( K i r k h a m ,  1977; M i l l e r  
a n d  O h lro g g e , 19 5 8 ).
( iv )  M ic r o b ia l  a c t iv i t y :  D u f f  a n d  W e b le y  (1 9 5 9 ) h a v e  sh o w n
th a t  r h iz o s p h e r e  p o p u la t io n s  e x c r e te  2 -k e to g lu c o n ic  a c id  w h ic h  is  
c a p a b le  o f b r in g in g  f e r r i c  io n s  in to  s o lu t io n . S u b s e q u e n t r e d u c t io n  
w o u ld  a l lo w  p la n t  u p ta k e  to  o c c u r . G e e r in g  e t a l . (19 69) h a v e  a t te m p te d  
to  show  th a t  m ic r o b ia l  a c t iv i t y  is  m o r e  im p o r t a n t  th a n  p h y s ic a l  -  
c h e m ic a l  fa c to r s  in  d e te r m in in g  m a n g a n e s e  c o n c e n tr a t io n  in  s o i l  s o lu t io n .
7(v )  R e s t r ic t e d  d r a in a g e  an d  w a te r lo g g in g :  in c r e a s in g  th e
w a t e r  c o n te n t o f a  s o i l  d e c re a s e s  i ts  o x y g e n  c o n te n t le a d in g  to  r e d u c t io n  
o f th e  m e ta ls  p r e v io u s ly  p r e s e n t  in  a n  o x id is e d  f o r m .  I r o n  ( H I )  a n d  
m a n g a n e s e  ( IV )  a r e  p r o b a b ly  m o s t  a f fe c te d . B e c a u s e  th e  r e d u c e d  fo r m s  
o f b o th  th e s e  m e ta ls  a r e  m o r e  s o lu b le  th a n  th e  o x id is e d  f o r m s  i t  w o u ld  
b e  e x p e c te d  th a t  t h e i r  c o n c e n tra t io n s  in  s o i l  s o lu t io n  w o u ld  in c r e a s e  
u n d e r  c o n d it io n s  o f r e s t r ic t e d  d r a in a g e . A  c o n s e q u e n c e  o f th is  re d u c t io n  
w o u ld  b e  th e  d is s o lu t io n  o f i r o n  ( I I I )  a n d  m a n g a n e s e  ( IV )  h y d ro u s  o x id e s  
a n d  th e  p o s s ib le  r e le a s e ,  in to  th e  s o i l  s o lu t io n , o f m e ta ls  l i k e  c o b a lt ,  
c o p p e r  a n d  z in c  w h ic h  m a y  h a v e  b e e n  a s s o c ia te d  w ith  th e m . M i t c h e l l ’ s 
o b s e r v a t io n  (1971) th a t  u p ta k e  o f  a n u m b e r  o f  t r a c e  e le m e n ts  w a s  in c r e a s e d  
w h e n  p la n ts  w e r e  g ro w n  on p o o r ly  d r a in e d  s o ils  a p p e a r s  to  c o n f i r m  th e s e  
s u p p o s it io n s . S im i la r  c o n c lu s io n s  c o u ld  be d ra w n  f r o m  a  g re e n h o u s e  
e x p e r im e n t  c o n d u c te d  a t  h ig h  m o is tu r e  le v e ls  b y  K u b o ta  e t  a l . (1 9 6 3 ) in  
w h ic h  th e y  n o te d  in c r e a s e d  c o b a lt  in  s o i l  s o lu t io n  a n d  a ls o ,  to  s o m e  
e x te n t , in  th e  p la n t .
1. 2 . 2 E X T R A C T IO N  O F  IN D IG E N O U S  T R A C E  M E T A L S
(1) T o ta l  m e ta l
T h e  c o r r e la t io n  b e tw e e n  the  t o ta l  m e ta l  c o n te n t o f  a  s o i l  a n d
/
p la n t  a v a i la b i l i t y  is  v e r y  p o o r . F o r  th is  re a s o n  l i t t l e  w i l l  b e  s a id  a b o u t  
m e th o d s  f o r  e x t r a c t in g  to ta l  m e ta l  f r o m  a  s o i l .  G e n e r a l ly ,  th e  f i r s t  
s te p  in v o lv e s  b r in g in g  th e  m e ta l  in to  s o lu t io n  e i th e r  b y  a c id  d ig e s t io n  
o f  th e  s o i l  o r  b y  fu s io n  o f th e  s o i l  fo l lo w e d  b y  a c id  d ig e s t io n  o f  th e  m e l t .  
T h e  s e c o n d  s te p  is  to  m e a s u r e ,  by  a p p r o p r ia te  a n a ly t ic a l  te c h n iq u e s ,  
th e  m e t a l  c o n c e n tra t io n s  in  th e  s o lu tio n s  so p ro d u c e d .
(2 )  M e ta ls  a s s o c ia te d  w ith  p a r t ic u la r  s o i l  f r a c t io n s
I t  w a s  m e n tio n e d  e a r l i e r  (s e e  p ag e  2 ) th a t  m e ta ls  a r e  a s s o c ia te d  
w it h  d i f fe r e n t  f r a c t io n s  w ith in  a s o i l .  O v e r  a  lo n g  p e r io d  a  n u m b e r  o f  
e x t r a c ta n ts  h a v e  b e e n  d e v e lo p e d  w h ic h  w i l l  s e le c t iv e ly  r e m o v e  m e ta ls  
f r o m  in d iv id u a l  f r a c t io n s .  O n e  re a s o n  f o r  d e v e lo p in g  th e s e  e x t r a c ta n ts  
w a s  to  a t te m p t  to  r e la t e  th e  q u a n t ity  o f  m e t a l  e x t r a c t e d  to  th e  a v a i la b i l i t y  
o f th e  m e t a l  a n d  to  s u b s e q u e n t u p ta k e  b y  th e  p la n t .  G e n e r a l ly ,  i t  h as  
b e e n  a c c e p te d  th a t  s e s q u io x id e -a s s o c ia te d  m e ta l  is  e x t r a c t e d  by o x a la te
8o r  o th e r  b u f fe r e d  r e a g e n ts ,  th a t  r e a d i ly  e x c h a n g e a b le  m e ta l  is  r e m o v e d  
b y  n e u t r a l  a m m o n iu m  a c e ta te  a n d  th a t  c h e la t in g  a g e n ts  m a y  b e  u s e d  to  
e x t r a c t  o r g a n ic a l ly  b o u nd  m e ta ls .  A n y  r e m a in in g ,  r e la t iv e l y  in s o lu b le ,  
m e t a l  m a y  th e n  be e x t r a c te d  u s in g  s tro n g  a c id  ( M i t c h e l l ,  1964; M i t c h e l l ,  
1971; M c L a r e n  a n d  C r a w fo r d ,  1 9 7 3 ).
M c L a r e n  an d  C r a w fo r d  (19 73 ) d is t in g u is h e d  f iv e  s e p a r a te  f r a c t io n s  
w h e n  th e y  in v e s t ig a te d  th e  c o p p e r  c o n te n t o f  t w e n t y - f o u r  d i f f e r e n t  s o i ls .  
D i f f e r e n t  e x t r a c ta n ts  w e r e  u s e d  to  o b ta in  th e  m e t a l  f r o m  e a c h  f r a c t io n  
a n d  th e s e  a r e  l is t e d  b e lo w :
( i ) s o i l  s o lu t io n  an d  e x c h a n g e a b le  c o p p e r -  0 . 5 M  c a lc iu m  
c h lo r id e .
( i i ) c o p p e r  w e a k ly  bound  to  s p e c if ic  s ite s -  2 . 5% a c e t ic  a c id .
( i i i ) o r g a n ic a l ly  bo u nd  c o p p e r -  0 . 1 M  p o ta s s iu m  
p y ro p h o s p h a te .
( iv ) c o p p e r  o c c lu d e d  b y  s o i l  m a t e r ia l -  a c id  o x a la te .
(v ) r e s id u a l  c o p p e r  fo u n d  m a in ly  in  c la y  
la t t ic e  s t r u c tu r e s
-  h y d r o f lu o r ic  a c id .
C o r r e la t io n  s tu d ie s  b y  th e  s a m e  a u th o rs  a p p e a r e d  to  c o n f i r m  th a t  
th e s e  e x t r a c ta n ts  d id , in  f a c t ,  r e m o v e  c o p p e r  f r o m  th e  r e le v a n t  f r a c t io n s .  
F o r  e x a m p le , th e r e  w a s  a  good c o r r e la t io n  b e tw e e n  th e  a m o u n t o f  c o p p e r  
in  th e  p y ro p h o s p h a te  e x t r a c t  a n d  th e  o rg a n ic  m a t t e r  c o n te n t o f  th e  s o i l .
I t  s h o u ld  be n o te d  th a t  th is  p a p e r  o n ly  c o r r e la t e s  m e t a l  e x t r a c te d  
w it h  s p e c if ic  s o i l  f r a c t io n s  a n d  m a k e s  no a t te m p t  to  c o r r e la t e  th e  m e t a l  
f r o m  a  p a r t ic u la r  f r a c t io n  w ith  i ts  a v a i la b i l i t y  to  th e  p la n t .
(3 )  R e la t in g  e x t r a c ta b le  t r a c e  m e ta l  to  p la n t  a v a i la b i l i t y
A  lo t  o f  r e s e a r c h  h as  b e e n  d ir e c te d  to w a r d s  f in d in g  e x t r a c ta n ts  
w h ic h  w i l l  g iv e  th e  b e s t  c o r r e la t io n s  b e tw e e n  s o i l  c o n te n t a n d  p la n t  
a v a i la b i l i t y .  A v a i la b i l i t y  is  u s u a lly  d e te r m in e d  b y  m e a s u r in g  p la n t  u p ­
t a k e ,  p la n t  c o n te n t o r  p la n t  re s p o n s e . T h e  la r g e  n u m b e r  o f  s o i l  ty p e s  
e x is t in g  w o r ld - w id e  m a k e s  i t  u n l ik e ly  th a t  a u n iv e r s a l  e x t r a c ta n t  is  to  
b e  fo u n d  g iv in g  good c o r r e la t io n  f o r  e v e r y  m e ta l .
M i t c h e l l  (1971) h as  l is t e d  th e  fo l lo w in g  e x t r a c ta n ts  as  b e in g  o f  
u s e  in  S c o tt is h  s o ils :
9( i )  0 . 5 M  o r  2 . 5% a c e t ic  a c id , the  m o s t  w id e ly  u s e d  e x t r a c ta n t ,
c o r r e la t e s  w e l l  w ith  c o p p e r  u p ta k e  b y  h e r b a g e . In  a d d it io n ,  
i t  h as  b e e n  u s e d  to  d ia g n o s e  h ig h  le v e ls  o f z in c  a n d  n ic k e l ,
( i i )  n e u t r a l ,  m o la r  a m m o n iu m  a c e ta te  a p p e a rs  to  be th e  b e s t
in  th e  d ia g n o s is  o f h ig h  m o ly b d e n u m  le v e ls  a n d  f o r  m a n g a ­
n e s e ,
( i i i )  0 . 0 5  M  E D T A  a p p e a rs  to  g iv e  th e  b e s t  c o r r e la t io n  b e tw e e n  
s o i l  c o n te n t a n d  c ro p  re s p o n s e  in  c o p p e r  d e f ic ie n t  s o i ls ,  
a lth o u g h  th e  c o r r e la t io n  is  o n ly  r e a s o n a b le  f o r  c lo v e r s  a n d  
n o t f o r  g ra s s e s  o r  c e r e a ls ,
( iv )  h o t w a te r  h a s  b e e n  s u g g e s te d  as  th e  b e s t  r e a g e n t  f o r  b o ro n  
e x t r a c t io n .
T h is  l i s t  is  b y  no m e a n s  c o m p le te  a n d  o th e r  w o r k e r s  h a v e  fo u n d  
o th e r  e x t r a c ta n ts  g iv in g  good c o r r e la t io n s  w ith  s o m e  o f th e  a b o v e -  
m e n tio n e d  m e ta ls .  F o r  e x a m p le , L o w e  a n d  M a s s e y  (19 65 ) fo u n d  th a t  
th e  a m o u n t o f m o ly b d e n u m  e x t r a c te d  b y  h o t w a te r  c o r r e la t e d  h ig h ly  w ith  
p la n t  u p ta k e . M is h r a  e t  a l . (197 3), on te s t in g  th e  a b i l i t y  o f  n in e  e x t r a c ­
ta n ts  to  e s t im a te  c o p p e r  a v a i la b i l i t y  in  r e d  a n d  b la c k  s o i ls ,  n o te d  th a t  
a c id  a m m o n iu m  o x a la te  e x t r a c t e d  th e  h ig h e s t  q u a n t ity  o f c o p p e r  f r o m  
b o th  a n d , f u r t h e r m o r e ,  th e  a m o u n ts  o b ta in e d  w e r e  c o r r e la t e d  s ig n i f i ­
c a n t ly  w ith  w h e a t  u p ta k e . V i ja y  e t  a l . (1 9 7 3 ), h o w e v e r ,  fo u n d  th a t , in  
p o t e x p e r im e n ts ,  c o p p e r  u p ta k e  b y  w h e a t w a s  m o s t  h ig h ly  c o r r e la t e d  w ith  
c o p p e r  e x t r a c te d  by n e u t r a l  a m m o n iu m  a c e ta te .  D i f f e r e n t  s o ils  w e r e  
u s e d  in  th e  tw o  e x p e r im e n ts  w h ic h  p ro b a b ly  e x p la in s  th e  d if fe r e n c e  in  
r e s u l t s .  D i f fe r e n c e s  m a y  a ls o  o c c u r  b e c a u s e  d i f f e r e n t  p la n ts  h a v e  b e e n . - 
u s e d  to  m e a s u r e  m e ta l  u p ta k e  o r  c o n te n t. R a s to g i a n d  R a i  (1 9 7 5 ) fo u n d  
a s ig n i f ic a n t  c o r r e la t io n  b e tw e e n  s o il  z in c  a n d  t o t a l  u p ta k e  b y  w h e a t  
u s in g  m o la r  a m m o n iu m  a c e ta te  + 0 . 01% d ith iz o n e  w h e r e a s  S te w a r t  a n d  
B e r g e r  (19 65 ) d is c o v e r e d  th a t  1 M  m a g n e s iu m  c h lo r id e  g av e  a b e t te r  
m e a s u r e  o f th e  z in c  a b s o rb e d  b y  m i l l e t  th a n  a n  a m m o n iu m  a c e ta te -  
d ith iz o n e  m ix t u r e .  H o w e v e r ,  as  d i f f e r e n t  s o i ls  w e r e  p r o b a b ly  u s e d  in  
e a c h  c a s e  i t  is  n o t p o s s ib le  to  s ay  d e f in i t e ly  th a t  th e  d i f fe r e n c e  w a s  due  
s o le ly  to  p la n t  fa c to r s  a lth o u g h  th e s e  w o u ld  o b v io u s ly  be  im p o r t a n t .
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I t  is  a ls o  th e  c a s e  th a t  th e  e x t r a c ta n t  w h ic h  r e m o v e s  th e  la r g e s t  
q u a n t ity  o f a  p a r t ic u la r  m e ta l  d oes  n o t n e c e s s a r i ly  g iv e  th e  b e s t  c o r r e la t io n  
w ith  p la n t  u p ta k e . Y i t t a l  a n d  G a n g w a r  (1 9 7 5 ) fo u n d  th a t  d e c re a s in g  a m o u n ts  
o f z in c  w e r e  e x t r a c te d  f r o m  the  p lo u g h  la y e r  o f te n  d i f fe r e n t  s o i ls  in  th e  
o r d e r ,  (1) h y d r o c h lo r ic  a c id , (2 )  c h e la t in g  a g e n ts  ( E D T A ,  D T P A ,  
d ith iz o n e ) ,  (3 )  a m m o n iu m  a c e ta te ,  (4 )  w a t e r .  O n ly  tw o , d ith iz o n e  
a n d  E D T A  ( in  th a t  o r d e r ) ,  g av e  a s ig n if ic a n t  c o r r e la t io n  w ith  th e  z in c  
u p ta k e  o f p o tte d  m a iz e  an d  w h e a t .
A n o th e r  in t e r e s t in g  o b s e r v a t io n  is  th a t  s o m e t im e s  a n  e x t r a c ta n t  
r e m o v e s  m o r e  m e ta l  f r o m  a  s o i l  th a n  does a p la n t  a n d  y e t  s t i l l  g iv e s  a  
good  c o r r e la t io n  w ith  p la n t  u p ta k e . F o r  e x a m p le , M i t c h e l l  (1971) n o te d  
th a t  a lth o u g h  E D T A  r e m o v e d  m o r e  c o p p e r f r o m  s o il th a n  d id  e i th e r  a c e t ic  
a c id  o r  a  p la n t , th e  a m o u n t e x t r a c te d  w a s  b e t te r  c o r r e la t e d  w ith  th e  
p la n t  le v e l  o f r e m o v a l .  <J5ien (19 6 6 ) d is c o v e r e d  th a t  0. 02 M  s o d iu m  E D T A  
s o lu t io n  a n d  0 . 0 43  M  n i t r i c  a c id  s o lu t io n  e x t r a c te d  m o r e  c o p p e r  f r o m  
s o i l  th a n  d id  p la n ts  in  a  c o m p le te  g ro w in g  s e a s o n  b u t th a t ,  d e s p ite  th is ,  
b o th  s h o w e d  good c o r r e la t io n  w ith  c o p p e r u p ta k e .
T h is  h as  in d ic a te d , b r ie f l y ,  a  fe w  o f th e  a r e a s  in  w h ic h  r e s e a r c h  
in to  m e ta l  a v a i la b i l i t y  in  s o ils  h as  b e e n  c o n c e n tra te d . T w o  m a in  p r o b le m s  
h a v e  e m e r g e d  f r o m  such  s tu d ie s . F i r s t l y ,  th e  g r e a t  v a r i a b i l i t y  w h ic h  
e x is ts  in  s o ils  an d , s e c o n d ly , th e  feq u a lly  g r e a t  v a r ia t io n  in  th e  a m o u n t  
o f a  p a r t ic u la r  m e t a l  a b s o rb e d  b y  d i f fe r e n t  p la n ts . E n v ir o n m e n ta l  
f a c to r s ,  p la n t  s p e c ie s , d e n s ity  o f s o w in g  a n d  le n g th  a n d  s ta g e  o f  
g ro w th  a l l  a f fe c t  th e  l a t t e r .  C o r r e la t io n s  w i l l  o b ta in  b e tw e e n  q u a n t ity  
e x t r a c t e d  a n d  p la n t  u p ta k e  u s in g  a p a r t ic u la r  e x t r a c ta n t ,  a  p a r t ic u la r  
s o i l  a n d  a  s in g le  s p e c ie s  bu t i t  is  n o t p o s s ib le  to  g u a ra n te e  th a t  th e  
c o r r e la t io n s  w i l l  h o ld  u n d e r  o th e r  c o n d it io n s .
1. 3 IN D IG E N O U S  O R G A N IC  M A T T E R
P r e v io u s  s e c tio n s  h a v e  show n th a t  th e  t r a c e  m e ta ls  a n d  th e  
o r g a n ic  m a t t e r  o f a s o i l  a r e  a s s o c ia te d  w ith  one a n o th e r  in  s o m e  m a n n e r .  
S o il o r g a n ic  m a t t e r  a ls o  a ffe c ts  t r a c e  m e ta l  s u p p ly  to  p la n ts . H is t o r ic a l l y  
i t  w a s  c o n s id e r e d  th a t  a k n o w le d g e  o f th e  s t r u c tu r e  an d  fu n c t io n a l g ro u p  
c o n te n t o f in d ig e n o u s  s o i l  o rg a n ic  m a t t e r  w o u ld  a l lo w  one to  p r e d ic t
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w h ic h  m e ta ls  w o u ld  be a s s o c ia te d  w ith  th e  o rg a n ic  m a t t e r ,  w h ic h  o r g a n ic  
m a t t e r  g ro u p in g s  a n d  ty p e s  o f bond  m ig h t  be in v o lv e d  a n d  f in a l l y  h o w  
th is  m ig h t  a f fe c t  a v a i la b i l i t y  o f t r a c e  m e ta ls  to  th e  p la n ts . B e fo r e  a n y  
o f  th is  c o u ld  be a t te m p te d  i t  w a s  n e c e s s a r y  to  e x t r a c t  th e  o rg a n ic  m a t t e r  
f r o m  th e  s o i l .
1 .3 .1  E X T R A C T IO N  O F  IN D IG E N O U S  O R G A N IC  M A T T E R
T h e  f i r s t  s te p  in  th e  e x t r a c t io n  p ro c e s s  is  th e  u l t r a s o n ic  d is p e r s a l  
o f th e  s o i l  in  a  f a i r l y  d en s e  l iq u id  ( s p e c if ic  g r a v i t y  a b o u t 2 ) to  s e p a r a te  
u n h u m if ie d  f r o m  h u m if ie d  m a t e r ia l .  T h e  n e g a t iv e ly - c h a r g e d ,c o l lo id a l ,  
h u m ic  m a t e r i a l  r e m a in in g  c a n  a s s o c ia te  w ith  the  m in e r a l  m a t t e r  o f  th e  
s o i l  in  th r e e  w a y s :
( i )  b y  b in d in g  to  th e  c la y  f r a c t io n  v ia  p o ly v a le n t  c a t io n s ,
( i i )  b y  b in d in g  th ro u g h  h y d ro u s  o x id e s , m a in ly  o f i r o n  a n d  
a lu m in iu m . T h e s e  h y d ro u s  o x id e s , w h ic h  o fte n  f o r m  
c o a tin g s  on c la y s , h ave  a  p H -d e p e n d e n t  c h a rg e  w h ic h  is  
p o s it iv e  a t  th e  p H  o f m o s t  s o i ls .  B o n d in g  b e tw e e n  th e s e  
o x id e s  an d  o rg a n ic  m a t t e r  w i l l  te n d  to  s t a b i l iz e  th e m  a n d  
h e lp  to  r e t a in  t h e i r  h ig h  s u r fa c e  a r e a ,
( i i i )  b y  b in d in g  th ro u g h  v a n  d e r  W a a ls  o r  h y d ro g e n  bonds.
T h e s e  b o n d s , w h ic h  in d iv id u a l ly  a r e  q u ite  w e a k , w i l l  o n ly  
f o r m  i f  th e  o rg a n ic  m a t t e r  c an  g e t v e r y  c lo s e  to  th e  c la y  
s u r fa c e .  I f  s o i l  o rg a n ic  m a t t e r  w e r e  c o n s id e r e d  to  b e  a  
f le x ib le  p o ly m e r , th e  fo r m a t io n  o f  bonds a t  s e v e r a l  p o in ts  
on th e  p o ly m e r  s u r fa c e  w o u ld  be p o s s ib le  and  w o u ld  r e s u l t  
in  a n  o v e r a l l  in c r e a s e  in  bo n d  s t a b i l i t y .
T o  e x t r a c t  th e  o rg a n ic  m a t t e r  i t  is  n e c e s s a r y  to  o v e r c o m e  th e s e  
a t t r a c t io n s .
1. 3. 2 M E T H O D S  O F  E X T R A C T IN G  IN D IG E N O U S  O R G A N IC
M A T T E R
(1) A lk a l i  e x t r a c t io n
0 . 1 -  0 . 5 M  s o d iu m  h y d ro x id e  a n d  s o d iu m  b ic a r b o n a te  h a v e  b e e n  
w id e ly  u s e d  and , in  s o m e  s o i ls ,  r e p e a te d  e x t r a c t io n  w ith  th e m  h as
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r e s u l t e d  in  s o lu b i l iz a t io n  o f a lm o s t  a l l  th e  o rg a n ic  m a t t e r  (M o r te n s e n ,  
1 9 6 5 ). T h e r e  a r e  s e v e r a l  re a s o n s  fo r  th e  u se  o f th e s e  tw o  re a g e n ts :
( i )  th e y  r e p la c e  p o ly v a le n t ,  b r id g in g  c a tio n s  w ith  s o d iu m  io n s  
w h ic h  a r e  u n a b le  to  b r id g e ,
( i i )  th e y  p ro d u c e  a lk a l in e  p H 's  a t  w h ic h  m o s t  m e ta ls  w i l l  f o r m  
h y d r o x id e s  a n d  p r e c ip i t a te ,
( i i i )  th e y  in c r e a s e  io n iz a t io n  o f fu n c t io n a l g ro u p s  in  o rg a n ic  
m a t t e r ,  in c r e a s in g  n e g a tiv e  c h a rg e s  w h ic h , in  tu r n ,  
c a u s e  th e  o rg a n ic  c o l lo id s  to  r e p e l  one a n o th e r ,
( iv )  th e y  d e c r e a s e  th e  p H -d e p e n d e n t  p o s it iv e  c h a rg e s  on c la y  
ed g es  a n d  h y d ro u s  o x id e s  w h ic h  re d u c e s  t h e i r  a b i l i t y  to  
a t t r a c t  o p p o s ite ly  c h a rg e d  o r g a n ic  c o l lo id s .
A  m a jo r  c r i t i c i s m  o f a lk a l in e  e x t r a c ta n ts  is  th a t  th e y  c a n  c a u s e  
s e r io u s  c h a n g es  in  th e  s t r u c tu r e  o f th e  o r g a n ic  m a t t e r ,  f o r  e x a m p le ,  as  
a  r e s u l t  o f h y d r o ly s is  ( T in s le y  a n d  S a la m , 19 61) o r  a u to x id a t io n  (S w if t  
a n d  P o s n e r ,  1972a; C h o u d h r i a n d  S te v e n s o n , 1 957 ).
(2 )  A c id  e x t r a c t io n
A lth o u g h  o rg a n ic  m a t t e r  is  n o t p a r t i c u la r ly  s o lu b le  in  d ilu te  
m in e r a l  a c id s , w ith  th e  p o s s ib le  e x c e p t io n  o f H F -H C 1  m ix t u r e s  (S c h n itz e r  
a n d  W r ig h t ,  1 95 6 , 1 9 5 7 ), i t  is  u s u a l ly  m o r e  s o lu b le  in  th e m  th a n  in  w a t e r .  
T h e  a c id s  h a v e  a n  a b i l i t y  g r e a t e r  th a n  w a te r  to  p ro to n a te  o x y g e n  a n d  
n it r o g e n -c o n ta in in g  c o m p o u n d s  th e r e b y  p ro d u c in g  s o lu b le  s p e c ie s . A s  
w ith  a lk a l in e  e x t r a c t io n  h y d r o ly s is  m a y  o c c u r , th e  a c id  a c t in g  as  a  
c a ta ly s t .  S u lp h u r ic  a c id  e x t r a c t io n  is  o fte n  a c c o m p a n ie d  b y  s u lp h o n a tio n , 
p o ly m e r iz a t io n  a n d  d e h y d ra t io n  (M o r te n s e n ,  19 6 5 ).
(3 )  N e u t r a l  s a lt  e x t r a c t io n
D i- s o d iu m  p y ro p h o s p h a te  h as  b e c o m e  th e  m o s t  c o m m o n ly  u s e d  
e x t r a c t a n t  o f th is  ty p e  s in c e  H e in tz e  a n d  M a n n  (1 9 4 9 ) o b s e r v e d  th a t  i t  
d is s o lv e d  la r g e  q u a n t it ie s  o f o rg a n ic  m a t t e r .  A lth o u g h  le s s  e f fe c t iv e  
th a n  a lk a l in e  e x t r a c ta n ts  in  t e r m s  o f th e  q u a n t ity  o f o r g a n ic  m a t t e r  
e x t r a c t e d  i t  does h av e  c e r t a in  a d v a n ta g e s  o v e r  th e m  in  th a t  i t  does  n o t  
a d d  c a rb o n  to  th e  s y s te m , p r o b a b ly  re d u c e s  h y d r o ly s is  a n d  a u to x id a t io n
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a n d  is  k n o w n  to  e x t r a c t  o rg a n ic  m a t t e r  m o r e  r a p id ly  th a n  s o d iu m  h y d r o x id e .  
T h e  p y ro p h o s p h a te  a n io n  is  th o u g h t to  c h e la te  m e ta l  c a t io n s  f o r m e r l y  
in  c h e la t io n  w ith  s o i l  o rg a n ic  m a t t e r  t h e r e b y  in c r e a s in g  s o lu b i l i t y  o f  
o r g a n ic  m a t t e r .
(4 )  O r g a n ic  r e a g e n t  e x t r a c t io n
V a r io u s  re a g e n ts  such  as E D T A ,  a c e ty la c e to n e , c u p fe r r o n  a n d  
8 -h y d r o x y q u in o lin e  h a v e  b e e n  u s e d  to e x t r a c t  o r g a n ic  m a t t e r  f r o m  th e  
B  h o r iz o n s  o f p o d z o ls  ( M a r t in  a n d  R e e v e , 1957; S c h n itz e r  e t a l . , 1 9 5 8 ). 
T h e y  p r o b a b ly  o p e ra te  in  a s im i la r  m a n n e r  to  d i - s o d iu m  p y ro p h o s p h a te  
(s e e  (3 )  a b o v e ).
(5 )  S e q u e n t ia l e x t r a c t io n
S o il  o rg a n ic  m a t t e r  is  c o m p o s e d  o f a  w h o le  s e r ie s  o f c o m p o u n d s  
o f v a r y in g  m o le c u la r  w e ig h ts  a n d  d i f f e r in g  p h y s ic a l a n d  c h e m ic a l  
p r o p e r t ie s .  M a n y  o f  th e s e  co m p o u n d s  a r e  a s s o c ia te d  w ith  th e  in o r g a n ic  
c o m p o n e n ts  o f s o i l .  B e c a u s e  th e  a s s o c ia t io n s  v a r y  w i t h  th e  in o r g a n ic  
s p e c ie s  a n d  th e  p r e c is e  n a tu r e  o f the  o r g a n ic  m a t t e r  i t  fo l lo w s  th a t  no  
s in g le  e x t r a c t a n t  is  a b le  to  e x t r a c t  m o r e  th a n  a  s m a l l  f r a c t io n  o f th e  
t o t a l  o r g a n ic  m a t t e r .  T o  in c r e a s e  th e  p e r c e n ta g e  o f o r g a n ic  m a t t e r  
e x t r a c t e d  f r o m  a  s o i l  a  n u m b e r  o f e x t r a c ta n ts  h as  b e e n  e m p lo y e d , u s e d  
in  s e r ie s .  K o n o n o v a  (19 67) p re s e n ts  one such  s e q u e n c e  (a  m o d if ic a t io n  
o f  T y u r in 's  m e th o d )  w h ic h  in v o lv e s  p r e l im in a r y  e x t r a c t io n  w ith  a lc o h o l -  
b e n z e n e  fo l lo w e d  b y  d e c a lc i f ic a t io n  w ith  0 . 05  M  s u lp h u r ic  a c id , t r e a t ­
m e n t  w ith  0 .1  M  s o d iu m  h y d r o x id e , d ig e s t io n  w ith  h o t  0 . 5 M  s u lp h u r ic  
a c id  a n d  r e - e x t r a c t io n  w ith  c o ld  0. 1 M  s o d iu m  h y d r o x id e .
T h is  s c h e m e  i l l u s t r a t e s  one o f th e  p r o b le m s  o f  s e q u e n t ia l  
e x t r a c t io n s  -  t h e i r  c o m p le x ity .  T h is  p r o b le m  is  e n c o u n te re d  n o t  o n ly  
in  th e  e x t r a c t io n  o f to ta l  o rg a n ic  m a t t e r  b u t a ls o  in  th e  e x t r a c t io n  o f  
p a r t ic u la r  f r a c t io n s  of th e  o rg a n ic  m a t t e r .  F o r  e x a m p le ,  S w in c e r  e t  a l .
(19 6 8 ), a f t e r  e x t r a c t in g  te n  s o i l  g ro u p s  w ith  1 M  h y d r o c h lo r ic  a c id  
fo l lo w e d  b y  0 . 5 M  s o d iu m  h y d ro x id e , fo u n d  th a t  o n ly  50%  o f  th e  s o i l  
c a r b o h y d r a te s  w e r e  re m o v e d  in  a l l  b u t tw o  o f th e  c a s e s . A  t h i r d  t r e a t ­
m e n t  w a s  n e c e s s a r y  w ith  a c e t ic  a n h y d r id e  c o n ta in in g  2 . 5% c o n c e n tra te d
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s u lp h u r ic  a c id  to  in c r e a s e  th is  f ig u r e  to  80% .
S e q u e n t ia l e x t r a c t io n s  to  o b ta in  a  r e a s o n a b ly  h ig h  p e r c e n ta g e  o f  
to t a l  s o i l  c o n te n t a r e  a ls o  n e c e s s a r y  w ith  o th e r  o r g a n ic  m a t t e r  f r a c t io n s .
S e c t io n  (5 )  a b o v e  i l lu s t r a t e s  v e r y  c le a r ly  th a t  i t  is  n o t p o s s ib le  
to  e x t r a c t  a l l  th e  o rg a n ic  m a t t e r  in  one s te p  b e c a u s e  th e  m a jo r  p a r t  o f  
th e  s o i l  o r g a n ic  m a t t e r  is  c o m p o s e d  o f h ig h  m o le c u la r  w e ig h t  s p e c ie s  
( e . g .  w a x e s , p o ly s a c c h a r id e s , p r o te in s  a n d  l ig n in s )  w h ic h  a r e  n o t  
e q u a lly  s o lu b le  in  a n y  one e x t r a c ta n t .  P r e - t r e a t m e n t s  h a v e  b e e n  t r i e d  
to  in c r e a s e  e x t r a c t io n  e f f ic ie n c y .  G r in d in g  a n d  b a l l - m i l l i n g ,  f o r  
e x a m p le ,  b r e a k  u p  s o i l  a g g re g a te s  th e r e b y  in c r e a s in g  th e  s u r fa c e  a r e a  
o f th e  s o i l  a v a i la b le  to  th e  e x t r a c ta n t .  H F -H C 1  m ix t u r e s  in  w a te r  h a v e  
b e e n  u s e d  to  d is s o lv e  s i l ic a t e  m in e r a ls  p r io r  to  e x t r a c t io n  (C h o u d h r i  
a n d  S te v e n s o n , 1 9 5 7 ). T h e  p r e - t r e a t m e n t s  to  in c r e a s e  e x t r a c t io n  
e f f ic ie n c y ,  w h ile  e f fe c t iv e ,  m a y  c a u s e  i r r e v e r s i b l e  c h a n g e s  in  th e  s o i l  
o r g a n ic  m a t t e r  a n d  th is  h as  to  be  b o rn e  in  m in d .
! .  3 . 3 F R A C T IO N A T IO N  O F  S O IL  O R G A N IC  M A T T E R
(1) C la s s ic a l  m e th o d
T h e  c la s s ic a l  m e th o d  o f e x t r a c t in g  s o i l  o r g a n ic  m a t t e r  u s e s  0 . 1 -  
0 . 5 M  s o d iu m  h y d r o x id e . A  g ro s s  s e p a r a t io n  o f th e  h u m ic  m a t e r i a l  so  
e x t r a c t e d  m a y  be e f fe c te d  by  a c id ify in g  th e  e x t r a c t .  P a r t  o f th e  o r g a n ic  
m a t t e r  (th e  h u m ic  a c id )  p r e c ip i t a te s  w h ile  th e  r e m a in d e r  (th e  fu lv ic  
a c id )  r e m a in s  in  s o lu t io n . A  f u r t h e r  f r a c t io n a t io n  is  o b ta in e d  b y  t r e a t in g  
th e  h u m ic  a c id  w ith  e th a n o l. F ig u r e  1. 3 . 3 .1  i l l u s t r a t e s  th e  s itu a t io n .
(Z )  F r a c t io n a t io n  a c c o r d in g  to  m o le c u la r  w e ig h t
T o ta l  s o i l  o rg a n ic  m a t t e r ,  fu lv ic  a c id  a n d  h u m ic  a c id  a l l  h a v e  
h ig h  p o ly d is p e r s i ty ,  i .  e , th e y  c o n ta in  a  m ix t u r e  o f co m p o u n d s  h a v in g  
a w id e  ra n g e  o f m o le c u la r  w e ig h ts . G e l f i l t r a t io n  te c h n iq u e s  h a v e  b e e n  
w id e ly  e m p lo y e d  in  a t te m p ts  to  re d u c e  th is  p o ly d is p e r s i ty .  S e p h a d e x  g e l  
(a n  a -  1, 6  p o ly g lu c o s e  p o ly m e r  c r o s s - l in k e d  b y  3C  p a r a f f in ic  c h a in s )  
is  f r e q u e n t ly  u s e d . B e h a v in g  r a t h e r  l ik e  a s ie v e , S e p h a d e x  s e p a r a te s  
s u b s ta n c e s  a c c o r d in g  to  t h e i r  m o le c u la r  w e ig h ts . T h is  a b i l i t y  is  c lo s e ly  
r e la t e d  to  th e  s w e ll in g  p r o p e r t ie s  o f th e  g e l an d  a  v a r ie t y  o f  S e p h ad e x
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F ig u r e  1. 3 . 3 .1  C la s s ic a l  f r a c t io n a t io n  o f s o i l  o r g a n ic  m a t t e r
S O IL  O R G A N IC  M A T T E R
S tr o n g ly  c o lo u re d  
h u m ic  m a t t e r
T r e a t  w ith  a lk a l i
In s o lu b le
h u m in
T r e a t  w ith  a c id
N o t  p r e c ip i t a te d  P r e c ip i t a t e d
fu lv ic  a c id  h u m ic  a c id
“  1
S o lu b le
T h e  h u m ic  c o llo id s
N o n -h u m ic  
m a t t e r
E x t r a c t  w ith  
a lc o h o l
S o lu b le  
H y m a to m e la n ic  a c id
In s o lu b le
F r o m  R u s s e l l ,  1 9 7 3 , p . 2 8 4 .
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g e ls  e x is t  w h ic h  d i f f e r  in  th is  r e s p e c t .  T h o s e  g e ls  w ith  g r e a t e r  s w e ll in g  
c a p a c it ie s  a r e  u s e d  to  f r a c t io n a te  h ig h  m o le c u la r  w e ig h t  s u b s ta n c e s  
w h ile  th o s e  w ith  le s s e r  s w e ll in g  c a p a c it ie s  a r e  u s e d  w ith  s u b s ta n c e s  o f  
lo w e r  m o le c u la r  w e ig h t.
U s in g  a g e l f i l t r a t io n  m e th o d  D e l l  'A g n o la  e t a l . (19 64) w e r e  a b le  
to  d is t in g u is h  fo u r  g ro u p s  o f co m p o u n d s  in  e x t r a c te d  o rg a n ic  m a t t e r  w ith  
m o le c u la r  w e ig h ts  in  th e  ra n g e s  0 -  4 , 0 00 ; 4 , 0 00  -  9 , 0 00 ; 9 , 0 0 0  -  
100 , 000  a n d  100, 0 00  -  2 0 0 , 0 0 0 . K h a n  an d  F r ie s e n  (1972 ) fo u n d  th a t  
p a s s in g  h u m ic  a c id  f r o m  th e  A h  h o r iz o n  o f v a r io u s  s o ils  th ro u g h  S e p h a d e x  
G - 7 5 ,  G -1 0 0  a n d  G -1 5 0  p ro d u c e d  a n u m b e r  o f m o le c u la r  w e ig h t  f r a c t io n s  
c o r r e s p o n d in g  to  w e ig h ts  a ro u n d  5 0 , 0 0 0 , w e ig h ts  a ro u n d  100, 000  a n d  to  
w e ig h ts  a ro u n d  150, 000  r e s p e c t iv e ly .  K a r p u k h im  an d  F o k in  (1 9 6 9 ), on  
th e  o th e r  h a n d , fo u n d  th a t  s e p a r a t in g  fu lv ic  a c id  m ix t u r e s  f r o m  A o  a n d  
A i  h o r iz o n s  o f  p o d z o lic  s o ils  g ave  f iv e  f r a c t io n s  w ith  m o le c u la r  w e ig h ts  
r a n g in g  f r o m  s e v e r a l  h u n d re d s  to  te n s  o f th o u s a n d s .
T h e  s e p a r a t io n  o b ta in e d  o b v io u s ly  d ep en d s  u p o n  th e  p a r t ic u la r  
g e l in  u s e  a n d  th e  m a t e r i a l  b e in g  f r a c t io n e d . I t  a ls o  s e e m s  to  d ep e n d  
u p o n  th e  e x t r a c ta n t  o r ig in a l ly  u s e d  to  o b ta in  th e  m a t e r i a l  to  be  f r a c t io n e d .  
D e l l  A g n o la  e t a l . (19 65) a f t e r  e x t r a c t in g  h u m ic  m a t e r ia l  w ith  0 . 5 M  
s o d iu m  h y d r o x id e ,  s o d iu m  c a rb o n a te  + s o d iu m  b ic a r b o n a te ,  s o d iu m  
f lu o r id e  a n d  s o d iu m  p y r o p h o s p h a te ,p a s s e d  the  e x t r a c ts  th ro u g h  v a r io u s  
S e p h a d e x  g e ls  a n d  a n a ly s e d  th e  f i l t r a t e s  b y  e le c t r o p h o r e s is .  T h e  r e s u lts  
in d ic a te d  th a t  th e  p y ro p h o s p h a te  e x t r a c ts  d i f f e r e d  f r o m  th e  o th e r s  a n d  th e  
a u th o rs  a t t r ib u te d  th is  to  d if fe r e n c e s  in  th e  a lk a l in i t ie s  o f th e  v a r io u s  
e x t r a c ta n ts .  J a c q u in  e t  a l . (1971), u s in g  a G - 2 5  to  G -1 5 0  te c h n iq u e ,  
fo u n d  th a t  r e s in  e x t r a c te d  h u m ic  a c id s  w e r e  m o r e  h ig h ly  p o ly m e r is e d  
th a n  th o s e  e x t r a c te d  w ith  s o d iu m  h y d ro x id e  o r  s o d iu m  p y ro p h o s p h a te .
A  m a jo r  p r o b le m  in  th e  u se  o f S e p h a d e x  g e ls  is  c a u s e d  b y  i n t e r ­
a c t io n  b e tw e e n  th e  g e l a n d  m o le c u le s  in  th e  e x t r a c t s .  T h is  p r e v e n ts  
t r u e  s e p a r a t io n  on a m o le c u la r  w e ig h t  b a s is  b e c a u s e  th o s e  m o le c u le s  
w h ic h  in t e r a c t  w ith  th e  g e l a r e  r e ta in e d  r e g a r d le s s  o f w h e th e r  t h e i r  
m o le c u la r  w e ig h ts  a r e  h ig h  o r  lo w . C o u lo m b ic  a n d /o r  a d s o r p t io n  (o r  
v a n  d e r  W a a ls )  fo r c e s  a r e  p r o b a b ly  r e s p o n s ib le . C o u lo m b ic  fo r c e s
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r e s u l t in g  f r o m  a t t r a c t io n  b e tw e e n  c h a rg e s  on g e l an d  s o lu te  h a v e  b e e n  
o v e r c o m e  b y  a d d in g  e le c t r o ly te s  to  th e  e lu a n t  to  s u p p re s s  th e s e  c h a rg e s  
( P o s n e r ,  1 9 6 3 ). A d s o r p t io n  m o s t  o fte n  o c c u rs  b e tw e e n  S e p h a d e x  a n d  
a r o m a t ic ,  h e te r o c y c l ic  a n d  p h e n o lic  c o m p o u n d s  (G e lo t te ,  I9  60; D e m e t r io u  
e t  a l . , 1968; B r o o k  a n d  H o u s le y , 19 69) a n d  is  p ro b a b ly  due to  i n t e r ­
a c t io n  b e tw e e n  s o lu te  m o le c u le s  a n d  th e  c r o s s - l in k a g e s  in  th e  g e l.
S w ift  a n d  P o s n e r  (1971) h av e  s u g g e s te d  u s in g  an  a lk a l in e  b u f f e r  c o n ta in in g  
a  la r g e  a m in o  c a t io n  to  o v e rc o m e  b o th  ty p e s  o f in t e r a c t io n .  T h e  m o s t  
c o m m o n ly  u s e d  b u f fe r  s y s te m  is  t r i s  ( 2  a m in o - 2 (h y d r o x y lm e th y l)  -  
p ro p a n e  -  1, 3 - d io l ) .  O th e r  a lk a l in e  b u f fe r s  h a v e  b e e n  u s e d  b u t h a v e  
b e e n  o n ly  p a r t i a l l y  s u c c e s s fu l in  r e m o v in g  a d s o r p t io n  e f fe c ts  (D u b a c h  
e t  a l . , 1964; D e l l 'A g n o la  e t a l . , 19 64 q u o te d  b y  S w if t  a n d  P o s n e r ,  1971).
F u r t h e r  a n a ly s e s  o f f r a c t io n s  o b ta in e d  b y  g e l f i l t r a t i o n  h a v e  b e e n  
c o n d u c te d  b y  a n u m b e r  o f w o r k e r s  u s in g  a  v a r ie t y  o f te c h n iq u e s . F o r  
e x a m p le ,  S w ift  a n d  P o s n e r  (19 72 b ) a s s a y e d  f o r  to ta l  a n d  a m in o  n it r o g e n ,  
p h o s p h o ru s  a n d  s u lp h u r;  K a r p u k h im  a n d  F o k in  (19 69) u s e d  p a p e r  c h r o m a ­
to g ra p h y  a n d  D e l l  'A g n o la  e t a l . (1 9 6 5 ), as  p r e v io u s ly  m e n t io n e d , u s e d  
e le c t r o p h o r e s is .
A lth o u g h  th e s e  f r a c t io n a t io n  m e th o d s  m a y  u l t im a t e ly  a l lo w  one to  
c o l le c t  a lo t  o f in f o r m a t io n  a b o u t e x t r a c te d  o rg a n ic  m a t t e r  a  m a jo r  
d i f f i c u l t y  a r is e s  w h e n  one a t te m p ts  to  in t e r p r e t  th is  d a ta . I t  h a s  b e e n  
n o te d  (s e e  p a g e l2 ) th a t  s o d iu m  h y d ro x id e  is  c a p a b le  o f c a u s in g  c h a n g e s  
in  th e  o rg a n ic  m a t t e r  d u r in g  e x t r a c t io n  a n d  i t  is  m o r e  th a n  l i k e l y  th a t  
s o m e  o r  a l l  o f th e  o th e r  ty p e s  o f e x t r a c ta n t  a ls o  do th is .  T h e  q u e s tio n ,  
t h e r e f o r e ,  a r is e s  o f w h e th e r  o r  n o t i t  is  v a l id  to  e x t r a p o la te  f r o m  th e  '
r e s u lt s  o f a n y  a n a ly s e s  c a r r i e d  out on th is  e x t r a c te d  m a t e r i a l  to  th e  
s itu a t io n  in  th e  s o i l  s y s te m  in  w h ic h  th e  m a t e r i a l  o r ig in a te d .  F o r  
e x a m p le , H im e s  a n d  B a r b e r  (19 57 ) fo u n d  th a t  the  o rg a n ic  m a t t e r  w h ic h  
th e y  e x t r a c te d  f r o m  a  s o i l  a m o u n te d  to  o n ly  15% o f th e  to t a l  o r g a n ic  
m a t t e r  c o n te n t a n d  y e t  a c c o u n te d  f o r  70%  o f th e  z in c  c o m p le x in g  c a p a c ity .  
T h is  s e e m s  d is p r o p o r t io n a te ly  la r g e  a n d  w h ile  i t  m a y  s u g g e s t th a t  th e  
m o s t  a c t iv e  f r a c t io n  o f th e  o rg a n ic  m a t t e r  h a d  b e e n  e x t r a c t e d  i t  c o u ld  
a ls o  m e a n  th a t  n e w  c o m p le x in g  s ite s  h a d  b e e n  c r e a te d .  C o n s e q u e n tly ,  
c a r e  is  n e c e s s a r y  w h e n  e x t r a p o la t in g  f r o m  r e s u lts  o b ta in e d  u s in g
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e x t r a c t e d  o r g a n ic  m a t t e r  to  a  n a tu r a l  s o i l  s itu a t io n .
1 .4  O R G A N IC  M A T  T E R - M E T A L  IN T E R A C T IO N S
i .  4.1. E V ID E N C E  F O R  O R G A N IC  M A T T E R - M E T A L  IN T E R A C T IO N S
M u c h  o f th e  e v id e n c e  fo r  o rg a n ic  m a t t e r - m e t a l  in te r a c t io n s ,  
th o u g h  p r in c ip a l ly  in  r e la t io n  to  p o d z o liz a t io n , h as  b e e n  r e v ie w e d  b y  
P e t e r s e n  (1 9 7 6 ).
A s  e a r ly  as 1946  B r e m n e r  e t  a l . fo u n d  th a t  s o d iu m  a n d  p o ta s s iu m  
p y ro p h o s p h a te  s o lu tio n s  e x t r a c te d  b o th  o rg a n ic  m a t t e r  a n d  m e ta ls  f r o m  
s o i ls .  T h e i r  e x p la n a t io n  f o r  th is  a p p a re n t  a s s o c ia t io n  w a s  th a t  th e  p y r o ­
p h o s p h a te  w a s  a b le  to  c o m p le x  m e ta l  p r e v io u s ly  p r e s e n t  in  th e  s o i l  as  
p a r t  o f a n  o r g a n ic  m a t t e r - m e t a l  c o m p le x . C o n s e q u e n tly , m e ta l  e x t r a c ­
t io n  a n d  s o lu b i l iz a t io n  o f th e  o rg a n ic  m a t t e r  o c c u r r e d .  D u c h a u fo u r  
(1 9 6 3 ) m a d e  s i m i l a r  a s s u m p tio n s  b u t, s in c e  0. 1 M  s o d iu m  p y ro p h o s p h a te  
h as  b e e n  s h o w n  to  be  c a p a b le  o f e x t r a c t in g  i r o n  f r o m  b io t i te  a n d  h y d ro x id e s  
( T i to v a ,  1 9 6 2 ), d o u b t h as  b e e n  c a s t  upon  th e  v a l id i t y  o f th e s e  a s s u m p tio n s .
I t  m a y  be th a t  th e  c o r r e la t io n  b e tw e e n  th e  e x t r a c te d  o r g a n ic  m a t t e r  a n d  
m e t a l  w a s  in c id e n ta l  a n d  th a t  th e  m e ta l  r e le a s e d  c a m e , a t  le a s t  in  p a r t ,  
f r o m  o th e r  s o u rc e s . H im e s  an d  B a r b e r  (1 9 5 7 ), h o w e v e r ,  o b s e rv e d  th a t  
th e  a b i l i t y  o f s o i l  to  c h e la te  z in c  w a s  d e s tro y e d  b y  r e m o v in g  th e  o rg a n ic  
m a t t e r  b u t n o t b y  r e m o v in g  th e  h y d ro u s  s i l ic a t e s .  T h is  c e r t a in ly  s u g g e s ts  
a  c lo s e  a s s o c ia t io n  b e tw e e n  th is  p a r t ic u la r  m e ta l  a n d  o r g a n ic  m a t t e r .  
B r o a d b e n t  (19 57 ) u s e d  a n  a d s o r p t io n  te c h n iq u e  to  show  th a t  s o i l  o r g a n ic  
m a t t e r  p r e p a r a t io n s  w e r e  a b le  to  r e t a in  c o p p e r  a n d  c a lc iu m  b y  c o m p le x a -
t io n  a n d  to  show  th a t  th e  g ro u p s  in v o lv e d  w e r e  d i f f e r e n t  in  e a c h  c a s e . A   '
t h in  l a y e r  o f  c o p p e r  ( o r  c a lc iu m )  s a tu r a te d  s a m p le , w a s  le a c h e d , w ith  
s u c c e s s iv e ly  in c r e a s in g  c o n c e n tra t io n s  o f h y d r o c h lo r ic  a c id , th ro u g h  a 
c o lu m n  c o n ta in in g  th e  s o i l  o rg a n ic  m a t t e r  p r e p a r a t io n  and  th e  e f f lu e n t  
w a s  a n a ly s e d  f o r  c a t io n s . G ra p h s  o f c a t io n  c o n c e n tr a t io n  a g a in s t  e f f lu e n t  
v o lu m e  r e v e a le d  fo u r  p e a k s  fo r  c o p p e r  b u t o n ly  tw o  fo r  c a lc iu m . T h e  
f i r s t  p e a k  w a s  c o m m o n  to  b o th  a n d  w a s  a s s u m e d  to  be th e  r e s u l t  o f m e t a l  
r e te n t io n  b y  c a r b o x y l g ro u p s , b e in g  th e  o n ly  p e a k  o b ta in e d  w h e n  s y n th e t ic  
c a r b o x y l  r e s in  w a s  s u b s titu te d  fo r  the  o rg a n ic  m a t t e r  p r e p a r a t io n s .  I t  
a p p e a r s  th a t  m o r e  fu n c t io n a l g ro u p s  a r e  c a p a b le  o f c o m p le x in g  c o p p e r
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th a n  c a lc iu m .
M e t a l  c o m p le x in g  by  o rg a n ic  m a t t e r  h as  a ls o  b e e n  u s e d  to  e x p la in  
th e  p r o c e s s  o f  p o d z o l iz a t io n . In  a s e r ie s  o f p a p e rs  B lo o m f ie ld  (1 9 5 3 a , 
b ; 1 9 5 4 a , b; 1 9 5 5 ) r e p o r te d  th a t  aq u e o u s  e x t r a c ts  o f S co ts  p in e  a n d  la r c h  
n e e d le s , o f k a u r i  le a v e s  a n d  b a r k  an d  o f r im u  l i t t e r  w e r e  a b le  to  d is ­
s o lv e  f e r r i c  a n d  a lu m in iu m  h y d r o x id e s . E v e n  u n d e r  a e r o b ic  c o n d it io n s  
th e  r e d u c t io n  o f f e r r i c  to  f e r r o u s  io n s  w a s  in v o lv e d  an d  B lo o m fie ld  
p o s tu la te d  th e  f o r m a t io n  o f s o lu b le  m e ta l -o r g a n ic  m a t t e r  c o m p le x e s  o f 
h ig h  s ta b i l i t y  w h ic h  t r a n s p o r te d  i r o n  d ow n the  p r o f i le .  T h e  m e ta l  c o u ld  
th e n  be r e le a s e d  to  f o r m  th e  i l l u v ia l  h o r iz o n  c h a r a c t e r is t ic  o f  a  p o d z o l.
W r ig h t  a n d  S c h n itz e r  (19 63) s u g g e s te d  th a t  th e  fu lv ic  a c id  f r a c t io n  o f  
s o i l  o r g a n ic  m a t t e r  w a s  m o s t  im p o r t a n t  in  s o lu b i l iz in g  a n d  t r a n s p o r t in g  
m e ta ls .  T h e y  e x p la in e d  th e  f o r m a t io n  o f a n  i l l u v i a l  h o r iz o n  b y  a s s u m in g  
f i r s t l y ,  th a t  th e  fu lv ic  a c id  h ad  f o r m e d  f r o m  h u m ic  a c id  a n d , s e c o n d ly , 
th a t  a s  th is  c h a n g e  p r o g r e s s e d , w a te r  s o lu b i l i t y  in c r e a s e d  a n d  th e  d is ­
s o lv e d  m a t e r i a l  m o v e d  dow n th e  p r o f i le .  D u r in g  th is  d o w n w a rd  m o v e ­
m e n t  fu n c t io n a l g ro u p s  w o u ld  r e a c t  w ith  m e ta ls  in  th e  s o i l ,  u n til, m e ta l  
b o n ds  h a v in g  fo r m e d  in  e a c h  g ro u p , p r e c ip i t a t io n  w o u ld  o c c u r .
V a r io u s  a u th o rs  h a v e  n o tic e d  th a t  f lo c c u la t io n  o c c u rs  w h e n  f e r r i c  
i r o n  a n d  a lu m in iu m  s o lu tio n s  a r e  a d d e d  to  d ilu te  s o lu tio n s  o f o rg a n ic  
m a t t e r  (S c h n itz e r  a n d  S k in n e r ,  1964; M a r t in  a n d  R e e v e , I9 6 0 ;  W r ig h t  
a n d  S c h n itz e r ,  19 6 3 ). W r ig h t  a n d  S c h n itz e r  (19 63 ) u s e d  as a  m e a s u r e  o f  
th e  c o m p le x in g  p o w e r  o f  o rg a n ic  m a t t e r  th e  m in im u m  a m o u n t r e q u i r e d  
to  p r e v e n t  f lo c c u la t io n  a t a  p a r t ic u la r  p H .
A s  a c o n s e q u e n c e  o f such  e x p e r im e n ts  i t  b e c a m e  w id e ly  a c c e p te d  
th a t  o rg a n ic  m a t t e r - m e t a l  c o m p le x e s  e x is te d  in  s o i ls  a lth o u g h  th e  
m e c h a n is m s  b y  w h ic h  such  c o m p le x e s  fo r m e d  w e r e  n o t f u l ly  u n d e rs to o d .  
E f f o r t s  to  u n d e rs ta n d  th e s e  m e c h a n is m s  h a v e  in v o lv e d  a w id e  v a r ie t y  o f  
te c h n iq u e s  f r o m  a n a ly s e s  o f fu n c t io n a l g ro u p s  w h ic h  m ig h t  be in v o lv e d  
to  a tte m p ts  to  m a k e  a n d  s tu d y  's y n th e t ic ' c o m p le x e s  w ith  a  v ie w  to  
r e la t in g  t h e ir  p r o p e r t ie s  to  th o s e  o f n a tu r a l  c o m p le x e s .
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1. 4 . 2 S T U D IE S  O N  T H E  N A T U R E  O F  O R G A N IC  M A T T E R - M E T A L  
IN T E R A C T IO N S
(1) G e n e r a l
H i ld e b r a n d  a n d  B lu m  (19 74 ) u s in g  i n f r a - r e d  s p e c tro s c o p y  to  s tu d y  
h u m ic  a c id s  fo u n d , a f t e r  le a d  f ix a t io n ,  th a t  th e  c a r b o n y l b a n d  a t  1710 
c m   ^ a n d  th e  b r o a d  c a r b o x y lic  s h o u ld e r  a t  2 7 0 0  -  2 3 0 0  c m   ^ h a d  d is ­
a p p e a r e d  w h i le  a b s o rb a n c e  in c r e a s e d  in  th e  r e g io n  1400 -  1380  c m  \
T h is ,  th e y  c o n c lu d e d , w a s  th e  r e s u l t  o f s a lt  f o r m a t io n  w ith  a c id  c a r b o x y l  
g ro u p s .
S c h n itz e r  a n d  S k in n e r  (1 9 6 5 ) u s e d  a d i f fe r e n t  a p p ro a c h  to  th e  
p r o b le m  o f  w h ic h  fu n c t io n a l g ro u p s  a r e  in v o lv e d  in  b o n d in g  w ith  m e ta ls .  
T h e y  c o m p a r e d  th e  a b i l i t y  o f o rg a n ic  m a t t e r  to  h o ld  m e ta ls  b e fo r e  a n d  
a f t e r  s e le c t iv e ly  b lo c k in g  c e r t a in  o f i t s  fu n c t io n a l g ro u p s . U s in g  i r o n  
( i l l ) ,  a lu m in iu m  ( i l l )  a n d  c o p p e r  ( I I )  io n s  th e y  fo u n d  th a t  b lo c k in g  a c id ic  
c a r b o x y l  o r  p h e n o lic  h y d r o x y l  g ro u p s  s ig n i f ic a n t ly  d e c r e a s e d  m e ta l  
r e te n t io n .  A lc o h o lic  h y d r o x y l g ro u p s  d id  n o t a p p e a r  to  p a r t ic ip a te .
H im e s  a n d  B a r b e r  (1 9 5 7 ), in  a s im i la r  e x p e r im e n t ,  fo u n d , a f t e r  m e th y l  -  
a t in g  o rg a n ic  m a t t e r  f r o m  a s an d y  lo a m  s o i l ,  th a t  c a r b o x y l  g ro u p s  d id  
n o t  a p p e a r  to  be im p o r ta n t  in  th e  c o m p le x in g  o f m e ta ls .
D o u b ts  h a v e  b e e n  e x p r e s s e d  as  to  th e  v a l id i t y  o f  th e  c o n c lu s io n s  
d r a w n  f r o m  e x p e r im e n ts  such  as  th e s e . O n e  o b je c t io n  w h ic h  a p p lie s  to  
a l l  e x p e r im e n ts  u s in g  e x t r a c te d  o rg a n ic  m a t t e r  is  th e  v e r y  fa c t  th a t  
e x t r a c t io n  is  in v o lv e d . I t  is  e x t r e m e ly  u n l ik e ly  th a t  n a t u r a l ly  o c c u r r in g  
fu n c t io n a l g ro u p s  w i l l  be t o t a l ly  u n a f fe c te d  b y  th e  e x t r a c ta n ts  e m p lo y e d ,  
so  th a t ,  a lth o u g h  th e  e x p e r im e n ts  m a y  a c c u r a t e ly  d e te r m in e  th e  fu n c t io n a l  
g ro u p s  in  th e  e x t r a c te d  m a t e r ia l ,  th e r e  is  no  g u a ra n te e  th a t  th e s e  g ro u p s  
e x is t  n a t u r a l ly  in  th e  s o i l  s itu a t io n . A n o th e r  o b je c t io n  a p p lie s  s p e c i f ic a l ly  
to  b lo c k in g  e x p e r im e n ts .  S o il o rg a n ic  m a t t e r  is  h ig h ly  h e te ro g e n e o u s ,  
c o n s is t in g  o f a la r g e  n u m b e r  o f m o le c u le s  an d  a n  e v e n  l a r g e r  n u m b e r  o f  
fu n c t io n a l g ro u p s , a n d  i t  s e e m s  r a t h e r  s im p l is t ic  to  a s s u m e  th a t  b lo c k in g  
a g e n ts  w i l l  r e a c t  o n ly  w ith  one p a r t ic u la r  ty p e  o f fu n c t io n a l g ro u p . O n  
th e  c o n t r a r y ,  i t  s e e m s  m o r e  re a s o n a b le  to a s s u m e  th a t  th e y  w i l l  r e a c t  
w ith  a la r g e  n u m b e r  o f s im i la r  ty p e s . T h e r e f o r e ,  c o n c lu s io n s  b a s e d  on  
th e  a s s u m p t io n  th a t  o n ly  one ty p e  o f fu n c t io n a l g ro u p  w a s  in v o lv e d  c o u ld
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g iv e  a  f a ls e  im p r e s s io n  o f th e  a c tu a l s o i l  s itu a t io n .
( 2 )  P o t e n t io m e t r ic  t i t r a t io n s
D e s p ite  th e  d o ubts  e x p r e s s e d  in  (1) a b o v e  i t  is  g e n e r a l ly  a c c e p te d  
th a t  o r g a n ic  m a t t e r - m e t a l  c o m p le x e s  do e x is t  in  s o i l  a n d  th a t  th e  o r g a n ic  
m a t t e r  g ro u p s  m o s t  in v o lv e d  a r e  a m in o , c a r b o x y l a n d  p h e n o lic  h y d r o x y l .  
A l l  th e s e  g ro u p s  a r e  o f  a n  a c id ic  c h a r a c te r  a n d  o u g h t,o n  r e a c t io n  w ith  
m e t a l  io n s , to  d is s o c ia te , w ith  th e  r e le a s e  o f h y d ro g e n  io n s  a n d  a n  
a c c o m p a n y in g  d ro p  in  p H . T h e s e  fa c ts  h a v e  b e e n  u s e d  in  a  v a r i e t y  of 
p o te n t io m e t r ic  e x p e r im e n ts  to  p r o v id e  a d d it io n a l e v id e n c e  f o r  th e  
f o r m a t io n  o f  o rg a n ic  m a t t e r - m e t a l  c o m p le x e s . T h e  fo l lo w in g  e q u a tio n s  
h a v e  b e e n  u s e d  to  d e s c r ib e  th e  s itu a t io n :
,  ,n +
M  + H A 4
------► a  n _ 1M A + H +
n - 1  
M A  + H A ----- ►
n - 2
m a 2 + H +
>  , n +M  + H m A < - ----- ► M A n " m + m H
( f r o m  S c h n itz e r an d  K h a n , 1 972 , p. 2 0 7 ).
T h e  p H  d ro p  h as  b e e n  u s e d  b o th  to  in d ic a te  th e  f o r m a t io n  o f  c o m p le x e s  
a n d  to  o b ta in  t h e i r  s ta b i l i t y  c o n s ta n ts :
, n +  „  A ______ ^  ,  , n - m  TT+
M  + H m A  ™  M A  + m H
( M A n - m ) (H + )m  
( M 11* )  (H m A )
w h e r e  K  is  th e  s t a b i l i t y  c o n s ta n t a n d  ( ) d e n o te s  a c t iv i t y .
S c h n itz e r  a n d  S k in n e r  (1 9 6 3 ) p o t e n t io m e t r ic a l ly  t i t r a t e d  v a r io u s  
m e t a l  io n  s o lu tio n s  a g a in s t  s ta n d a rd  b a s e  in  th e  p re s e n c e  a n d  a b s e n c e  
o f o rg a n ic  m a t t e r .  In f le c t io n s  in  th e  c u r v e s  o b ta in e d  d u r in g  th e  t i t r a ­
t io n  o f f e r r i c  a n d  a lu m in iu m  io n s  w e r e  ta k e n  to  in d ic a te  f o r m a t io n  o f  
f e r r i c  a n d  a lu m in iu m  h y d ro x id e s . T h e  s a m e  io n s  t i t r a t e d  in  th e  
p r e s e n c e  o f o rg a n ic  m a t t e r  d id  n o t p ro d u c e  such  in f le c t io n s  a n d  th is  
w a s  ta k e n  as  an  in d ic a t io n  o f c o m p le x  fo r m a t io n .  C o m p le x  a n d  h y d r o x id e  
f o r m a t io n  w e r e  a ls o  in d ic a te d  d u r in g  th e  t i t r a t io n  o f n ic k e l  ( I I )  a n d  c o p p e r
( I I )  io n s  in  th e  p re s e n c e  a n d  a b s e n c e  ( r e s p e c t iv e ly )  o f  o r g a n ic  m a t t e r .
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T h e  a u th o rs  th e n  w e n t on to  c a lc u la te  the  n u m b e r  o f p ro to n s  r e le a s e d  b y  
th e  b a s e  d u r in g  th e  t i t r a t io n  o f the  o rg a n ic  m a t t e r .  In  c o n s e q u e n c e ,th e y  
d e c id e d  th a t  a t  p H  3 ,one c a r b o x y l  g ro u p  h a d  b e e n  t i t r a t e d ,w h i le  a t  p H  6 , 
th e  n u m b e r  w a s  f iv e  a n d  a t  p H 8 , i t  w a s  s ix . F u r t h e r m o r e ,  a t  p H  10, th e y  
s ta te d  th a t ,  in  a d d it io n  to  s ix  c a r b o x y l  g ro u p s , tw o  p h e n o lic  h y d r o x y l  
g ro u p s  h a d  a ls o  b e e n  t i t r a t e d .  T h e s e  l a t t e r  c o n c lu s io n s  s e e m  r a t h e r  
d u b io u s , b a s e d  as th e y  a r e  upon a m o le c u la r  w e ig h t  o f 670 a n d  a m o le c u la r
f o r m u la  o f C  H  (C O O H ) (O H ) (C O ) fo r  th e  o r g a n ic  m a t t e r  u s e d .
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A s  th is  o rg a n ic  m a t t e r  w a s  o b ta in e d  b y  e x t r a c t io n  w ith  0. 5 M  s o d iu m  
h y d r o x id e  w h ic h  c o u ld  be e x p e c te d  to  b r e a k  dow n l a r g e r  o rg a n ic  
m o le c u le s  an d  to  c a u s e  a l te r a t io n s  in  s m a l le r  o n e s , i t  s e e m s  u n l ik e ly  
th a t  a s in g le  fo r m u la  w o u ld  a d e q u a te ly  d e s c r ib e  th e  r e s u lt in g  m ix t u r e  
o f o rg a n ic  m o le c u le s .  A t  b e s t  i t  w o u ld  be a n  a p p r o x im a t io n  o f  th e  
s itu a t io n .  S im i la r  o b je c t io n s  c o u ld  be m a d e  to  th e  m o le c u la r  w e ig h t  
q u o te d  an d , in  fa c t ,  in  a l a t e r  p a p e r  i t  w a s  sh o w n  to  be s u b je c t  to  c o n ­
s id e r a b le  e r r o r  (H a n s o n  an d  S c h n itz e r ,  1969)- In  v ie w  o f th is  i t  s e e m s  
r a t h e r  u n re a s o n a b le  to  a t te m p t  to  o b ta in  in f o r m a t io n  o f a q u a n t ita t iv e  
n a tu r e  f r o m  such  e x p e r im e n ts .
P o t e n t io m e t r ic  t i t r a t io n s  u s in g  a v a r ie t y  o f  s o i ls ,  h u m ic  p r e p a r a t io n s  
a n d  c a t io n s ,h a v e  b e e n  c o n d u c te d  b y  K h a n n a  a n d  B a jw a  (19 6 7 ), K h a n n a  
a n d  S te v e n s o n  (19 62) a n d  S te v e n s o n  (1977 ) a n d  a l l  h a v e  in t e r p r e t e d  t h e i r  
r e s u lts  as c o n f ir m in g  th e  f o r m a t io n  o f o rg a n ic  m a t t e r - m e t a l  c o m p le x e s .  
M a r t i n  a n d  R e e v e  (1 9 5 8 ), h o w e v e r , r e a c h e d  th e  o p p o s ite  c o n c lu s io n  as  
a  r e s u l t  o f t h e i r  e x p e r im e n ts .
(3 )  S p e c tro s c o p ic  te c h n iq u e s  (Jo b  p lo ts )  —
T h is  s p e c tro s c o p ic  te c h n iq u e  h as  b e e n  u s e d  b o th  to  d e m o n s tr a te  
c o m p le x  fo r m a t io n  a n d  to  d e te r m in e  th e  m e ta l  to  o r g a n ic  m a t t e r  m o la r  
r a t i o  w ith in  th e  c o m p le x e s . T h e  te c h n iq u e , o r ig in a l ly  d e v e lo p e d  b y  
Y o s b u r g h  a n d  C o o p e r  (1941), is  b a s e d  on the  a s s u m p t io n  th a t  i f  th e  
r a t i o  o f m e ta l  io n  a n d  c o m p le x in g  a g e n t in  a s o lu t io n  is  v a r ie d  w h ile  
k e e p in g  the  to ta l  c o n c e n tr a t io n  c o n s ta n t th e n  a c h an g e  in  th e  o p t ic a l  
d e n s ity  o f th e  s o lu t io n  w i l l  be o b s e rv e d . A s s u m e  th e  fo l lo w in g  e q u a tio n  
f o r  c o m p le x  fo r m a t io n :
i
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M  + n X  ^  ^  M X n  (w h e r e  M  d e n o te s  m e ta l  io n  a n d  X  l ig a n d ) .  .
I t  s h o u ld  be  p o s s ib le  to  o b ta in  a v a lu e  f o r  n f r o m  m e a s u r e m e n t  
o f th e  o p t ic a l  d e n s ity  r e s u lt in g  f r o m  m ix in g , in  v a r y in g  p r o p o r t io n s ,  
s o lu t io n s  o f  M  a n d  X  o f  th e  s a m e  c o n c e n tr a t io n . A  p lo t  o f c o m p o s it io n  
a g a in s t  o p t ic a l  d e n s ity  ( c o r r e c t e d  fo r  th e  o p t ic a l d e n s ity  w h ic h  w o u ld  
h a v e  r e s u lte d  i f  no  c o m p le x  h a d  fo r m e d )  sh o u ld  g iv e  a m a x im u m  o r  
m in im u m  a t  a c o m p o s it io n  c o r re s p o n d in g  to  th a t  o f  th e  m e ta l  c o m p le x .  
F r o m  th is  a  f o r m u la  f o r  th e  m e ta l  c o m p le x  m a y  be d e te r m in e d .
U s in g  th is  m e th o d  S c h n itz e r  a n d  S k in n e r  (1 9 6 3 ) c o n c lu d e d  th a t
o r g a n ic  m a t t e r  f r o m  a  p o d z o l B h  h o r iz o n  fo r m e d  1 : 1 m o la r  c o m p le x e s
w ith  c o p p e r  ( i l ) ,  i r o n  ( i l l )  an d  a lu m in iu m  ( I I I )  io n s  a t  p H 3 . A t  p H  5, 2 : 1
m o la r  c o m p le x e s  w e r e  d e te c te d  w ith  c o p p e r  ( n )  a n d  i r o n  ( I I I )  io n s  a n d
1 : 1 c o m p le x e s  w ith  a lu m in iu m  ( I I I )  io n s . D u r in g  th e s e  e x p e r im e n ts
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th e  a u th o rs  a s s u m e d  th a t  th e y  w e r e  m ix in g  a liq u o ts  o f a  1. 8  x  10 M  
o r g a n ic  m a t t e r  s o lu t io n  w ith  a liq u o ts  of m e ta l  io n  s o lu t io n s  o f  th e  s a m e  
m o la r i t y .  T h is  m o la r i t y  w a s  c a lc u la te d  u s in g  th e  m o le c u la r  f o r m u la  
a n d  m o le c u la r  w e ig h t  m e n tio n e d  e a r l i e r  (s e e  (2 )  a b o v e ) . In  v ie w  o f  th e  
p r e v io u s ly  n o te d  o b je c t io n s  to  b o th  o f th e s e  i t  s e e m s  u n r e a l is t ic  to  
a s s ig n  su ch  a m o la r i t y  to  th e  o rg a n ic  m a t t e r  s o lu t io n  a n d , p e r h a p s ,  
w o u ld  le a d  one to  c o n s id e r  w ith  c a u tio n  t h e i r  c o n c lu s io n s  r e g a r d in g  th e  
f o r m a t io n  o f  m e t a l - o r g a n ic  m a t t e r  c o m p le x e s .
I t  a p p e a r s ,  t h e r e fo r e ,  th a t  th is  s p e c tro s c o p ic  te c h n iq u e  m a y  
o n ly  be u s e d  to  in d ic a te  w h e th e r  o r  n o t m e t a l - o r g a n ic  m a t t e r  c o m p le x e s  
a r e  f o r m e d  a n d  n o t to  g iv e  d e f in ite  m o la r  r a t io s .  In  a d d it io n  i t  s h o u ld  
o n ly  be u s e d  w h e r e  one ty p e  o f c o m p le x  is  f o r m e d  (V o s b u rg h  a n d  C o o p e r ,  
1 9 4 1 ) and  w h e n  in t e r f e r e n c e s  c a u s e d  b y  l ig h t  s c a t te r in g  d u r in g  o p t ic a l  
d e n s ity  d e te r m in a t io n s  h a v e  b e e n  re d u c e d  to  a m in im u m .
(4 )  C o n c lu s io n
E v id e n c e  p re s e n te d  in  p re c e d in g  s e c tio n s  w o u ld  s e e m  to  s u g g e s t  
th a t  o r g a n ic  m a t t e r - m e t a l  c o m p le x e s  do e x is t  n a t u r a l ly  in  s o i l  a n d  th a t  
i t  is  p o s s ib le  to  s y n th e s is e  o rg a n ic  m a t t e r - m e t a l  c o m p le x e s  in  th e  l a b o r ­
a to r y .  T h e  q u e s tio n  o f w h e th e r  th e  tw o  ty p e s  o f c o m p le x  a r e  th e  s a m e
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r e m a in s  to  be a n s w e re d .
1. 5 A D D IT IO N  O F  T R A C E  M E T A L S  T O  S O IL
T h e  fo r e g o in g  d is c u s s io n  h as  b e e n  c o n c e rn e d  w ith  th e  fo r m s  a n d  
c o n c e n tra t io n s  in  w h ic h  t r a c e  m e ta ls  a p p e a r  in  s o i ls ,  m e th o d s  o f  
e x t r a c t in g  th e m  a n d  m e th o d s  of s tu d y in g  th e  o r g a n ic  m a t t e r  w ith  w h ic h  
th e y  m a y  b e  a s s o c ia te d . M e n t io n  has a ls o  b e e n  m a d e  o f  th e  fa c t  th a t  
a lth o u g h  a  p a r t ic u la r  m e t a l  is  p r e s e n t  in  a s o il i t  does  n o t n e c e s s a r i ly  
f o l lo w  th a t  i t  is  a v a i la b le  to  p la n ts .
T r a c e  m e ta l  d e f ic ie n c ie s  m a y  be t r e a te d  b y  a p p ly in g  t r a c e  m e t a l -  
c o n ta in in g  f e r t i l i z e r s .  T h e  t r a c e  m e ta l  m a y  be a p p lie d  a s  a  p u r e ly  m i c r o ­
e le m e n t  f e r t i l i z e r  o r  in  c o n ju n c tio n  w ith  n o r m a l  m a c r o - e le m e n t  f e r t i l i z e r s .
1. 5 .1  T R A C E  M E T A L S  A P P L I E D  W IT H  M A C R O - E L E M E N T
F E R T I L I Z E R S
A p p ly in g  t r a c e  e le m e n ts  a lo n g  w ith  m a c r o - e le m e n t  f e r t i l i z e r s  
is  o f a d v a n ta g e  to  th e  f a r m e r  b e c a u s e  th e  n u m b e r  o f o p e r a t io n s  in v o lv e d  
in  f e r t i l i z e r  s p r e a d in g  a r e  re d u c e d , s a v in g  b o th  t im e  a n d  m o n e y . T h e  
c r o p  an d  s o i l  ty p e  w i l l  d e te r m in e  th e  q u a n t it ie s  o f  t r a c e  e le m e n ts  w h ic h  
m u s t  be a d d e d . W h a te v e r  th e  q u a n t it ie s ,  h o w e v e r ,  i t  is  e s s e n t ia l  to  
th o ro u g h ly  m ix  th e  c o m p o n e n ts  o f th e  m a c r o - e le m e n t  f e r t i l i z e r  to  p r e ­
v e n t  u n e v e n  d is t r ib u t io n  an d  p la n t  re s p o n s e . T r a c e  m e ta ls  te n d  to  
b e c o m e  u n a v a i la b le  a t  h ig h  p H  a n d  to  a v o id  th is  a n y  h ig h ly  a lk a l in e  
f e r t i l i z e r  c o m p o n e n ts , e. g. l im e s to n e ,  m u s t  be th o ro u g h ly  m ix e d  in  
b e fo r e  t r a c e  m e ta ls  a r e  a d d e d . T h e  te c h n o lo g y  o f  m ix in g  m i c r o ­
n u t r ie n ts  in  m a c r o n u t r ie n t  f e r t i l i z e r s  is  r e v ie w e d  b y  S i lv e r b e r g  e t a l .
(1 9 7 2 ) a n d  c h e m ic a l  r e a c t io n s  b e tw e e n  m ic r o n u t r ie n t s  a n d  m a c r o n u t r ie n ts  
in  m ix e d  f e r t i l i z e r s  a r e  r e v ie w e d  b y  L e h r  (1 9 7 2 ). N e i th e r  a s p e c t ,  
t h e r e f o r e ,  w i l l  be  c o n s id e r e d  in  th is  b r i e f  d is c u s s io n .
T o  be o f m a x im u m  u s e  th e s e  f e r t i l i z e r s ,  as  w ith  a n y  o th e r ,  m u s t  
b e  a p p lie d  a t  ju s t  th e  r ig h t  t im e .  F o r  e x a m p le , N ik i t i n  (1 9 5 4 ) q u o te s  
R a d e m a c h e r  as  f in d in g  th a t  the  c o p p e r  r e q u ir e m e n t  fo r  o a ts  is  g r e a te s t  
in  the  e a r ly  s ta g e s  o f g ro w th , b e fo r e  f lo w e r in g .  T h e r e f o r e ,  to  be o f
25
m o s t  v a lu e , c o p p e r -c o n ta in in g  f e r t i l i z e r s  s h o u ld  be a p p lie d  e a r l y  in  th e  
s e a s o n . A s  a  r e s u l t  o f  S te e n b je r g 's  o b s e r v a t io n  (1 9 5 0 ) th a t  h ig h e r  c o n ­
c e n t r a t io n s  o f  s o i l  m a n g a n e s e  a r e  a v a i la b le  in  s p r in g  a n d  s u m m e r  th a n  
in  a u tu m n  a n d  w in te r ,  N ik i t i n  (19 54 ) s u g g e s te d  th a t  m a n g a n e s e  c o u ld  be  
a p p lie d  in  g r e a t e r  c o n c e n tra t io n s  to  a u tu m n  a n d  w in t e r  th a n  to  s p r in g  
a n d  s u m m e r  c ro p s .
A n im a l  o r  f a r m y a r d  m a n u r e  c o u ld  b e  c o n s id e r e d  to  b e  n a t u r a l  
m a c r o - e l e m e n t / m ic r o - e le m e n t  f e r t i l i z e r .  L a r g e  a p p lic a t io n s  h a v e  
b e e n  sh o w n  to  be c a p a b le  o f p r o v id in g  s u f f ic ie n t  t r a c e  e le m e n ts  to  o v e r ­
c o m e  d e f ic ie n c ie s .  U n fo r tu n a te ly ,  h o w e v e r ,  th e  c o m p o s it io n  o f  th is  
n a t u r a l  f e r t i l i z e r  v a r ie s  c o n s id e r a b ly  so th a t  one w o u ld  n e v e r  b e  
a b s o lu te ly  c e r t a in  th a t  s u f f ic ie n t  o f a  p a r t ic u la r  e le m e n t  h a d  b e e n  
a p p lie d .
1. 5. 2 T R A C E  M E T A L S  A P P L I E D  A L O N E
(1) T r a c e  m e ta ls  a p p lie d  as  m e ta l  s a lts
T h e  u s e  o f f e r t i l i z e r s  to  c o r r e c t  m ic r o n u t r ie n t  d e f ic ie n c ie s  h as  
b e e n  r e v ie w e d  b y  M u r p h y  a n d  W a ls h  (1 9 7 2 ).
A  n u m b e r  o f  th e  m e th o d s  b y  w h ic h  t r a c e  m e t a l  s a lts  a r e  a p p lie d  
w i l l  b e  c o n s id e r e d :
( i )  S o il a p p lic a t io n :  s o i l - a p p l ie d  t r a c e  m e ta ls  w i l l  b e  m o s t
r e a d i ly  a v a i la b le  fo r  p la n t  u p ta k e  i f  th e y  a r e  in  c lo s e  p r o x im i t y  to  th e  
r o o ts .  F o r  th is  r e a s o n  r e a d i ly  s o lu b le  s a lts  a r e  m o s t  o fte n  u s e d  f o r  
s o i l  a p p lic a t io n s . I f ,  h o w e v e r ,  th e  t r a c e  m e t a l  is  s u p p lie d  in  to o  
s o lu b le  a  f o r m ,  lo s s e s  b y  le a c h in g  dow n th ro u g h  th e  s o i l  a n d /o r  r u n - o f f  
f r o m  th e  s o i l  s u r fa c e  c an  o c c u r . T o  o v e rc o m e  th is  p r o b le m  s o m e  
e le m e n ts  h a v e  b e e n  s u p p lie d  in  v a r io u s  in s o lu b le  s i l ic a te s  w h ic h  w i l l  
r e le a s e  th e  t r a c e  e le m e n ts  o n ly  v e r y  s lo w ly  d u r in g  w e a th e r in g .  T h is  
e n s u re s  t h a t ,a t  a n y  one t im e ,  o n ly  s m a l l  q u a n t it ie s  o f  t r a c e  e le m e n ts  
w i l l  be  p r e s e n t  in  fo r m s  w h ic h  a r e  e a s i ly  lo s t  f r o m  th e  s o i l .  A g a in ,  
th e  a m o u n t  a p p lie d  an d  th e  a p p lic a t io n  m e th o d  d ep e n d  v e r y  m u c h  u p o n  
th e  p la n t  s p e c ie s  an d  th e  s o i l  ty p e . P la n ts  g ro w in g  on c a lc a r e o u s  s o ils  
a r e  f r e q u e n t ly  i r o n  d e f ic ie n t .  I r o n ,  u n d e r  a lk a l in e  c o n d it io n s , is  r e a d i l y
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im m o b i l iz e d  a n d  m a d e  u n a v a ila b le  to  p la n ts . C o n s e q u e n tly , to  o v e r ­
c o m e  i r o n  d e f ic ie n c ie s  b y  s o il a p p lic a t io n  o f  i r o n  v e r y  h ig h  a p p lic a t io n  
r a te s  m u s t  be u s e d . M a th e r s  (1 9 7 0 ), fo r  e x a m p le , fo u n d  r a te s  o f  112 
a n d  560  kg  i r o n /h a  as  i r o n  s u lp h a te  w e r e  n e c e s s a r y  to  p ro d u c e  s ig n i f ic a n t  
y ie ld  in c r e a s e s  in  g r a in  s o rg h u m .
S o i l -a p p l ie d ,  s o lu b le  m a n g a n e s e  a ls o  r a p id ly  a s s u m e s  a n  u n a v a i l ­
a b le  f o r m  a n d  i t  is  fo u n d  th a t  th e  e f fe c t iv e n e s s  o f a m a n g a n e s e  f e r t i l i z e r  
d ep e n d s  v e r y  m u c h  u p o n  th e  a p p lic a t io n  m e th o d . G e n e r a l ly , lo w e r  
a p p lic a t io n  r a te s  a r e  n e c e s s a r y  w h e n  b a n d ,a s  o p p o s e d  to  b ro a d c a s t;  
m e th o d s  a r e  u s e d . F o r  e x a m p le , m a n g a n e s e  s u lp h a te , m a n g a n e s e  
o x id e  (M n O ) ,  m a n g a n e s e  f r i t s  a n d  m a n g a n e s e  s u lp h a te -c a r b o n a te ,  a t  
le v e ls  o f  56  k g  m a n g a n e s e / h a , g av e  c o n s is te n t ly  h ig h e r  o n io n  y ie ld s  
w ith  b a n d e d , as  a g a in s t  b ro a d c a s t ,  a p p lic a t io n  (S h e p h e rd  e t a l . , I9 6 0 ) .
T h e  e f fe c t iv e n e s s  o f z in c  f e r t i l i z e r  is  a ls o  a f fe c te d  b y  th e  a p p l i ­
c a t io n  m e th o d , w ith  b a n d -a p p lie d  z in c  s u lp h a te  b e in g  sh o w n  to  h a v e  a 
g r e a t e r  a v a i la b i l i t y  th a n  g r a n u la r  z in c  o x id e  o r  z in c  c a rb o n a te . Z in c  
a v a i la b i l i t y  f r o m  g r a n u la r  s o u rc e s  can  be in c r e a s e d  b y  c ru s h in g  th e  
g r a n u le s  a n d  by m ix in g  th e m  w ith  th e  s o i l  (L in d s a y ,  1 97 2b ).
( i i )  F o l i a r  a p p lic a t io n :  s e v e r a l  o f th e  d i f f ic u l t ie s  e n c o u n te re d
w ith  s o i l - a p p l ie d  t r a c e  e le m e n t  f e r t i l i z e r s  a r e  o v e r c o m e  w h e n  f o l i a r  
s p r a y s  a r e  u s e d . F o r  e x a m p le , s o i l  re a c t io n s  a r e  e l im in a te d  s u c h  as  
th o s e  w h ic h  r e n d e r  e le m e n ts  u n a v a i la b le  (e . g. i r o n  an d  m a n g a n e s e ). T h e  
n e e d  f o r  i r r i g a t i o n  to  m o v e  the  f e r t i l i z e r  f r o m  th e  s o i l  s u r fa c e  to  th e  
r o o t  zo n e  is  a ls o  e l im in a te d .  A g a in s t  th e s e  a d v a n ta g e s , h o w e v e r ,  is  
th e  in c r e a s e d  l ik e l ih o o d  o f  t o x ic i t y  w h e n  n u t r ie n t  c o n ta in in g  s o lu t io n s  
c o m e  in to  c o n ta c t  w ith  c r o p  le a v e s .  B e n s o n  (19 67) s u g g e s te d  a d d in g  
l im e  to  s p ra y s  c o n ta in in g  in o r g a n ic  c o p p e r as one w a y  o f p r e v e n t in g  
s u c h  t o x ic i t y .  L in d s a y  (1 9 7 2 b ) n o te s  th a t  h y d r a te d  l im e  is  o fte n  a d d e d  
to  z in c  s p ra y s  to  n e u t r a l is e  a c id i t y  a n d  re d u c e  d a m a g e  to  le a v e s  and  
f r u i t .  C o m p le te  le a f  c o v e ra g e  c an  be e n s u re d  b y  u s in g  v e r y  f in e  s p r a y s .
A lth o u g h  the  c o s t o f a p p ly in g  f o l ia r  s p r a y s  m a y  be h ig h e r  th a n  
f o r  s o i l  a p p lic a t io n s , b e c a u s e  s e v e r a l  t r e a tm e n ts  a r e  u s u a lly  r e q u i r e d  
in  a g ro w in g  s e a s o n , th e  in c r e a s e d  c o s t is  s o m e w h a t o f fs e t  b y  a  r e d u c t io n
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in  th e  q u a n t ity  o f m a t e r ia l  n e c e s s a r y .  F o r  e x a m p le ,  S h e p h e rd  e t  a l .
( I9  60) fo u n d  th a t  3. 8  k g  m a n g a n e s e /h a  s p r a y -a p p l ie d  to  o n io n s  w a s  
e q u iv a le n t  to  5 6  k g  m a n g a n e s e /h a  a p p lie d  b r o a d c a s t  to  th e  s o i l  a n d  
W ith e e  a n d  C a r ls o n  (19 59 ) s h o w e d  th a t ,  w h ile  s o i l  a p p lic a t io n s  o f  i r o n  
to  g r a in  s o rg h u m  w e r e  n o t e c o n o m ic , th r e e  s p r a y s  w ith  4%  f e r r o u s  
s u lp h a te  s o lu t io n  a t  a  r a te  o f 2 8 0  l i t r e s / h a  r e s u lte d  in  in c r e a s e d  g r a in  
y ie ld s .
A n  a d d it io n a l  a d v a n ta g e  is  th a t  f o l i a r - a p p l ie d  m ic r o n u t r ie n t s  
s h o u ld  b e  a b le  to  e n te r  th e  t r a n s lo c a t io n  s t r e a m  m o r e  r a p id ly  th a n  th o s e  
f r o m  s o i l  a p p lic a t io n s .  In  th e  f o r m e r ,  th e  o n ly  b a r r i e r  to  a b s o r p t io n  is  
th e  le a f  c u t ic le ,  w h ile  in  th e  l a t t e r ,  m ic r o n u t r ie n t s  m u s t  f i r s t  b e  w a s h e d  
d o w n  th e  s o i l  p r o f i le  to  th e  r o o t  zo n e , w ith  th e  p o s s ib i l i t y  o f a l l  k in d s  o f 
s o i l  in te r a c t io n s  b e fo re  a b s o r p t io n  can  o c c u r . I t  w o u ld  s e e m , t h e r e f o r e ,  
th a t  f o l i a r  m e th o d s  o f a p p lic a t io n  w i l l  a l lo w  m ic r o n u t r ie n t s  m o r e  r a p id ly  
to  r e a c h  th e  p la n t  c e n tre s  w h e r e  th e y  a r e  r e q u i r e d .
( i i i )  S e e d  t r e a tm e n ts :  a t te m p ts  h a v e  b e e n  m a d e  to  o v e rc o m e  
t r a c e  m e t a l  d e f ic ie n c ie s  b y  t r e a t in g  s e e d s  w ith  p o w d e rs  o r  s o lu t io n s  
p r io r  to  p la n t in g . T h is  t r e a tm e n t  m o d e , w h ic h  e n s u re s  a m o r e  e v e n  d is ­
t r ib u t io n  th a n  s o i l  t r e a tm e n t s ,  h as  b e e n  c o m m o n ly  u s e d  to  r e c t i f y  m o ly b ­
d e n u m  d e f ic ie n c y .  H a g s t r o m  a n d  B e r g e r  (1 9 6 5 ) n o te d  th a t  w e t  s e e d  t r e a t ­
m e n ts  o f  p e a s  a n d  v in e s  w e r e  m o r e  e f fe c t iv e  th a n  a p p lic a t io n s  o f t a lc  
a n d  a n h y d ro u s  s o d iu m  m o ly b d a te  d u s t. C o m m o n  t r e a tm e n t  r a te s  l i e  in  
th e  ra n g e  50 -  100 g m o ly b d e n u m /h a . A b o v e  4 0 0  g m o ly b d e n u m /h a  s e e d  
v ia b i l i t y  a p p e a rs  to  be re d u c e d  (R e is e n h a u e r , 1 9 6 3 ). T h e  s u c c e s s  o r  
o th e r w is e  o f  s e e d  t r e a tm e n ts  a p p e a rs  to  d e p e n d  v e r y  m u c h  u p o n  th e  
s p e c ie s  a n d  th e  m e ta l  b e in g  c o n s id e r e d . F o r  e x a m p le , u n d e r  n o r m a l  
a n d  d r y  c o n d itio n s , c o r n  s eed s  d u s te d  w ith  c o p p e r  ( I I )  s u lp h a te  a t  a  r a te
o f  3 0 0  m g  c o p p e r /k g  g r a in  h a v e  sh o w n  in c r e a s e d  y ie ld s  ( G n i l i t s k a y a ,
19 67) w h ile  b ea n  seed s  t r e a te d  w ith  z in c  a p p e a r  to  h a v e  b e e n  le s s  
s u c c e s s fu l (R a s m u s s e n  a n d  B o a w n , 19 69).
( iv )  In je c t io n  t r e a tm e n t :  d e f ic ie n c ie s  h a v e  b ee n  t r e a t e d  b o th
b y  p la c in g  d r y ,  n e u t r a l ,  t r a c e  e le m e n t  s a lts  in  h o le s  b o r e d  in to  th e  s a p -  
w o o d  o f t r e e s  a n d  b y  fo r c in g  w a te r  s u s p e n s io n s  o f t r a c e  m e ta ls  in to  th e
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s a p w o o d  f r o m  a  s y r in g e .  Z in c -c o a te d  n a i ls  h a v e  e v e n  b e e n  d r iv e n  in to  
t r e e s  in  a n  a t te m p t  to  o v e rc o m e  z in c  d e f ic ie n c y . L a r g e  s c a le  u s e  o f  
s u c h  m e th o d s , h o w e v e r , in v o lv e s  m u c h  m a n p o w e r  a n d  is  v e r y  t i m e -  
c o n s u m in g . In  c o n s e q u e n c e  th e y  a r e  u s e d  in f r e q u e n t ly .
(2 )  T r a c e  m e ta ls  a p p lie d  as m e ta l  c h e la te s
In  th e  e a r ly  1 9 5 0 's  a  c o n s id e r a b le  a m o u n t o f w o r k  w a s  c a r r i e d  
o u t u s in g  m e t a l  c h e la te s  to  o v e rc o m e  t r a c e  m e ta l  d e f ic ie n c ie s .  I t  h as  
b e e n  sh o w n  th a t  r h iz o s p h e r e  o rg a n is m s  c an  p ro d u c e  a v a r ie t y  o f c o m ­
p o u n d s  (e . g . a m in o  a c id s , o rg a n ic  a c id s  (D u f f  a n d  W e b le y , 1959;
R o v ir a ,  19 62; V a n c u r a  a n d  H o v a d ik , 1 9 6 5 )) s o m e  o f w h ic h  a r e  c a p a b le  
o f c o m p le x in g  o r  c h e la t in g  m e ta ls  (D u f f  a n d  W e b le y , 1 9 5 9 ). T h e  h y p o th ­
e s is  is  th a t  such  c o m p o u n d s  a r e  c a p a b le  o f s o lu b i l iz in g  t r a c e  m e ta ls ,  
th u s  m a k in g  o th e r w is e  u n a v a ila b le  m e ta ls  a v a i la b le  to  the  p la n ts  b y  
e n a b lin g  t h e i r  t r a n s p o r t  to  th e  ro o ts  in  th e  s o i l  s o lu t io n .
I t  w a s  th o u g h t th a t  a p p lic a t io n s  o f s y n th e t ic  m e ta l  c h e la te s  c o u ld  
a c h ie v e  th e  s a m e  r e s u l t  in  s itu a t io n s  w h e re  th e  n a t u r a l  m e c h a n is m s  o f  
th e  p la n t  h a d  b e e n  u n a b le  to  cope a n d  d e f ic ie n c ie s  h a d  r e s u lte d .
A  la r g e  p a r t  o f e a r l i e r  a n d  m o r e  r e c e n t  w o r k  h a s  b e e n  c o n c e rn e d  
w ith  th e  c o r r e c t io n  a n d /o r  c o n tr o l o f i r o n  c h lo r o s is  o c c u r r in g  on c a l ­
c a re o u s  a n d  l im e d  s o i ls .  C o n s e q u e n tly , t h e r e  is  v e r y  m u c h  m o r e  d a ta  
a v a i la b le  c o n c e rn in g  th e  u s e  o f i r o n  c h e la te s  th a n  o f o th e r  m e ta l  c h e la te s .
H o lm e s  a n d  B ro w n  (19 55 ) c o m p a re d  th e  e f fe c t iv e n e s s  o f  f iv e  i r o n
c h e la te s  -  E D T A ,  H E D T A ,  C D T A , D T P A  a n d  E D D H A  -  in  e l im in a t in g  __
i r o n  c h lo r o s is  in  s o y b e a n s  g ro w in g  on s e v e n te e n  c a lc a r e o u s  s o i ls  a n d  
fo u n d  o n ly  D T P A  an d  E D D H A  to  be e f fe c t iv e .  K u y k e n d a l l  e t  a l . (19 57 )  
fo u n d  r a p id  a n d  a lm o s t  c o m p le te  r e - g r e e n in g  o f  c h lo r o t ic  o ra n g e  a n d  
le m o n  t r e e s  w ith  i r o n  E D D H A  a p p lie d  a t  r a te s  o f 12 an d  24  g i r o n / t r e e .  
H o w e v e r ,  th e r e  w a s  le s s  re s p o n s e  w ith  i r o n  D T P A  an d  i r o n  H E D T A .  
S te w a r t  a n d  L e o n a r d  (1 9 5 7 ) a ls o  fo u n d  th a t  s o i l  a p p lic a t io n s  o f i r o n  
E D D H A  c a u s e d  r a p id  r e - g r e e n in g  o f  c h lo r o t ic  le a v e s  on c i t r u s  g ro w n  
on c a lc a r e o u s  s o i ls .  I r o n  D T P A  g a v e  good b u t le s s  c o n s is te n t  r e s u l t s .
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Z in c  c h e la te s  h a v e  a ls o  b e e n  u s e d . T h e y  a r e  g e n e r a l ly  s o i l -  
a p p lie d  a n d  z in c  E D T A  a p p e a rs  to  be the  m o s t  p o p u la r .  H o ld e n  a n d  
B r o w n  (19 65 ) w h i le  c o m p a r in g  v a r io u s  in o r g a n ic  z in c  s o u rc e s  a ls o  
in c lu d e d  z in c  E D T A  an d  fo u n d  th a t  in  c o m p a r is o n  w ith  z in c  s u lp h a te  on  
a  n e u t r a l  s o i l  th e r e  w a s  a  t w o - fo ld  in c r e a s e  a n d  on a c a lc a r e o u s  s o i l  
th e r e  w a s  u p  to  a  s ix - f o ld  in c r e a s e  in  the  z in c  c o n te n t o f  a l f a l f a .
H o w e v e r ,  L e o n a r d  e t  a l . (19 56 ) fo u n d  th a t , in  c i t r u s ,  on a n  a c id  s an d y  
s o i l ,  c h e la te d  z in c  w a s  no  m o r e  e f fe c t iv e  th a n  z in c  s u lp h a te  in  in c r e a s in g  
th e  z in c  c o n te n t o f th e  le a v e s .  B u t le r  a n d  B r a y  (19 56 ) o b s e rv e d  th a t  th e  
e f fe c t  o f s o i l - a p p l ie d  z in c  E D T A  d e p e n d e d  up o n  th e  c la y  c o n te n t o f th e  
s o i l .  T h e r e  w a s  an  in c r e a s e  in  th e  z in c  and  c o p p e r  c o n te n t o f  p e r e n n ia l  
r y e g r a s s  on s an d y  s o i l .  O n  a  h e a v y  s i l t  lo a m  th e r e  w a s  no  su ch  in c r e a s e  
a lth o u g h  u p  to  50 p p m  z in c  w a s  a d d e d . O n  th e  o th e r  h an d , B e n s o n  e t  a l .  
(1 9 5 6 ) fo u n d  th a t  n o t o n ly  w a s  z in c  d e f ic ie n c y  in  p e a c h  an d  s w e e t c h e r r y  
t r e e s  c o r r e c te d  b y  s o i l  a p p lic a t io n s  o f  z in c  c h e la te s  b u t a ls o  th a t  th e  
e f fe c t  p e r s is te d  f o r  w e l l  o v e r  a y e a r .  W a lla c e  a n d  R o m n e y  (1 9 7 0 ), in  a  
g re e n h o u s e  e x p e r im e n t  w ith  s w e e tc o rn , o b s e rv e d  th a t  z in c  E D T A  
in c r e a s e d  th e  z in c  c o n te n t o f th e  c o r n  m o r e  th a n  z in c  N T A  w h ic h , in  tu r n ,  
in c r e a s e d  i t  m o r e  th a n  z in c  s u lp h a te .
M a n g a n e s e  c h e la te s  a p p e a r  to  h a v e  b e e n  u s e d  w ith  r a t h e r  le s s  
s u c c e s s  th a n  i r o n  a n d  z in c  c h e la te s . W a lla c e  a n d  M u e l le r  (19 59 ) fo u n d  
th a t  m a n g a n e s e  H E E D T A  d e c re a s e 'd  th e  m a n g a n e s e  c o n te n t o f  L in c o ln  
s o y b e a n s  an d  s u g g e s te d  th a t  i t  c o u ld  be u s e d  to  o v e r c o m e  m a n g a n e s e  
t o x ic i t y .  K n e z e k  a n d  G r e in e r t  (1971) o b s e rv e d  th a t  s o i l - a p p l ie d  m a n g a ­
n e s e  E D T A  a ls o  d e c r e a s e d  m a n g a n e s e  u p ta k e  a n d  in c r e a s e d  v is u a l  
s y m p to m s  o f m a n g a n e s e  d e f ic ie n c y . T h e y  th o u g h t th is  m a y  h a v e  b e e n  
c a u s e d  b y  s u b s titu t io n  o f s o i l  i r o n  f o r  th e  m a n g a n e s e  o f  th e  c h e la te ,  
le a d in g  to  a n  in c r e a s e  in  i r o n  u p ta k e  a n d  a  c o r re s p o n d in g  d e c r e a s e  in  
m a n g a n e s e  u p ta k e . W i lc o x  an d  C a n t l i f fe  (19 69 ) d is c o v e r e d  th a t  s o i l -  
a p p lie d  m a n g a n e s e  E D T A  w a s  s o m e t im e s  le s s  e f fe c t iv e  th a n  m a n g a n e s e  
s u lp h a te  w h e r e  th e  s o i l  w a s  h ig h  in  o rg a n ic  m a t t e r .  B e a t t ie  (1 9 5 4 ), 
h o w e v e r , r e p o r te d  th a t  in  g ra p e s  k n o w n  to  b e  s u f fe r in g  f r o m  m a n g a n e s e  
a n d  p o ta s s iu m  d e f ic ie n c ie s ,  y ie ld  a n d  s u g a r  c o n te n t c o u ld  be in c r e a s e d  
b y  th e  a p p lic a t io n  o f c h e la te d  m a n g a n e s e  in  c o n ju n c tio n  w ith  p o ta s s iu m  
s u lp h a te .
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A s  w ith  in o r g a n ic  t r a c e  m e ta l  f e r t i l i z e r s ,  m e ta l  c h e la te s  m a y  
a ls o  be a p p lie d  d i r e c t ly  to  s o i l  o r  as  f o l i a r  s p r a y .
( i )  S p ra y  a p p lic a t io n :  th e  m e ta l  c h e la te  c h o s e n  m u s t  n o t be  
to x ic  to  e i t h e r  f r u i t  o r  le a v e s  a n d  m u s t  be c a p a b le  o f p e n e tr a t in g  th e  
l e a f  c u t ic le  a n d  e n te r in g  th e  t r a n s lo c a t io n  s t r e a m . O n c e  th e  m e ta l  
c h e la te  h as  b e e n  t r a n s p o r te d  in  th e  t r a n s lo c a t io n  s t r e a m  to  th e  p o in t  
w h e r e  th e  m e ta l  is  r e q u ir e d  i t  m u s t  be r e a d i ly  r e le a s e d  f r o m  th e  c h e la te  
to  a l lo w  i t  to  p a r t ic ip a te  f r e e ly  in  v a r io u s  p la n t  r e a c t io n s .
A p p l ic a t io n  r a te s  o f 1 - 5 lb  c h e la te /1 0 0  g a llo n s  o f w a te r  h a v e  
b e e n  o b s e rv e d  to  g iv e  fa v o u r a b le  r e s u lts  on m a n y  o c c a s io n s  (W a l la c e ,
1 9 5 6 , p p . 4  -  2 3 ) . T h e  t im e  f o r  w h ic h  a  p a r t ic u la r  t r e a tm e n t  is  
e f fe c t iv e  v a r ie s  c o n s id e r a b ly  f r o m  s p e c ie s  to  s p e c ie s . W a l la c e  (1956 , 
p p . 4  -  2 3 ) n o te s  th a t  1 lb  o f i r o n  E D T A  in  100 g a llo n s  o f w a te r  c o r r e c te d  
c h lo r o s is  in  S t. A u g u s tin e  g ra s s  b u t w a s  e f fe c t iv e  f o r  o n ly  6  w e e k s  a f t e r  
a p p lic a t io n .  S o m e  c i t r u s ,  h o w e v e r , h as  r e m a in e d  g r e e n  fo r  l j  y e a r s  
a f t e r  a  c h e la te  a p p lic a t io n
( i i )  S o il  a p p lic a t io n :  i t  w a s  r a p id ly  d is c o v e r e d  th a t  th e
c o r r e c t io n  o f t r a c e  m e ta l  d e f ic ie n c ie s  in v o lv e d  m o r e  th a n  m e r e l y  
a d d in g  th e  a p p r o p r ia te  m e ta l  c h e la te  to  the  s o i l  in  th e  v ic i n i t y  o f  p la n t  
r o o ts .  A  fe w  o f th e  m a n y  p r o b le m s  w h ic h  w e r e  e n c o u n te re d  a r e  
m e n tio n e d  b e lo w :
(a )  S ta b i l i t y :  tw o  a s p e c ts  o f s ta b i l i t y  -  p H  s t a b i l i t y  a n d
s t a b i l i t y  w ith  r e s p e c t  to  v a r io u s  m e ta ls  -  w i l l  be c o n s id e r e d .
S o m e  m e ta l  c h e la te s  a r e  m o r e  s ta b le  a t  s o m e  p H 's  th a n  a t  
o th e r s .  F e r r i c  E D T A ,  f o r  e x a m p le , is  m o s t  s ta b le  b e tw e e n  p H  3 a n d  
p H  8 . A b o v e  p H  8  i t  is  r e a d i ly  h y d r o ly s e d  to  in s o lu b le  f e r r i c  h y d r o x id e  
a n d  s o m e  s a lt  o f E D T A  ( H a e r t l ,  1 9 5 6 ). C o n s e q u e n tly , one w o u ld  e x p e c t  
f e r r i c  E D T A  to  be in e f fe c t iv e  in  th e  t r e a tm e n t  o f  i r o n  c h lo r o s is  in  
h ig h ly  l im e d  o r  c a lc a r e o u s  s o i ls .  F e r r i c  E D D H A , on th e  o th e r  h a n d , 
is  s ta b le  up to  p H  10 ( K r o l l ,  1957 ) an d  w o u ld  be s u ita b le  u n d e r  th e s e  
c o n d it io n s .
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S o m e  m e ta ls  a r e  m o r e  s ta b le  w ith  a  p a r t ic u la r  c h e la t in g  a g e n t  
th a n  w ith  o th e r s .  F o r  e x a m p le , f e r r i c  i r o n  fo r m s  a m o r e  s ta b le  c h e la te  
w it h  E D T A  th a n  does  m a n g a n e s e  o r  z in c  ( K r o l l ,  1 95 7 ). I t  w o u ld  be  
p o s s ib le ,  t h e r e f o r e , f o r  s o i l  i r o n  to  d is p la c e  m a n g a n e s e  o r  z in c  f r o m  
t h e i r  s o i l - a p p l ie d  E D T A  c h e la te s . F e r r i c  E D T A  w o u ld  f o r m  a n d  th e  
d is p la c e d  m e ta l  c o u ld  th e n  b e c o m e  u n a v a i la b le  to  p la n ts  b y  p r e c ip i t a t io n  
o r  b y  a d s o r p t io n  o n to  s o i l  c o n s t itu e n ts . W h e r e  z in c  a n d  m a n g a n e s e  
c h e la te s  h a v e  b e e n  u s e d  s u c c e s s fu lly  (s e e  p a g e 2 9 ) t h e i r  e f fe c t iv e n e s s  
m a y  h a v e  r e s u l t e d  b e c a u s e  th e  f e r r i c  i r o n  in  th e  s o i l  w a s  h e ld  in  su ch  
a n  in s o lu b le  a n d /o r  u n a v a ila b le  f o r m  th a t  i t  w a s  u n a b le  to  d is p la c e  e i th e r  
th e  m a n g a n e s e  o r  th e  z in c  f r o m  t h e i r  r e s p e c t iv e  c h e la te s .
(b ) C la y  f ix a t io n :  f e r r i c  E D T A  a n d  d iv a le n t  m a n g a n e s e  a n d  
z in c  E D D H A  h a v e  b e e n  fo u n d  to  be f ix e d  i r r e v e r s i b l y  on c la y  s u r fa c e s  
w h ile  d iv a le n t  m a n g a n e s e  a n d  z in c  E D T A  a n d  f e r r i c  E D D H A  a r e  n o t  
(L u n t  e t a l . , 1956; W a lla c e  an d  L u n t, 1 9 5 6 ). W a l la c e  a n d  L u n t  (1 9 5 6 )  
h a v e  s u g g e s te d  th a t  m e t a l - o x y g e n - c la y  l in k a g e s  a r e  re s p o n s ib le  f o r  th e  
f ix a t io n  a n d  h a v e  c o n c lu d e d  f r o m  c o n s id e r a t io n  o f X - r a y  d i f f r a c t io n  
s tu d ie s  th a t  f ix a t io n  o c c u r r e d  p r i m a r i l y  a t  c la y  e d g e s .
(c )  M ic r o b io lo g ic a l  a t ta c k :  i f  th e  c h e la t in g  a g e n t a s s o c ia te d
w it h  th e  m e ta l  w e r e  s u s c e p tib le  to  a t ta c k  a n d  d e c o m p o s it io n  b y  s o i l
m ic r o - o r g a n is m s  i t  is  p o s s ib le  th a t  th e  m e ta l  c o u ld  be r e le a s e d  in to  th e
s o i l  a f t e r  th e  d e s t r u c t io n  o f th e  c h e la t in g  a g e n t a n d  c o u ld , b y  p r e c ip i t a t io n
14
o r  a d s o r p t io n , b e c o m e  u n a v a i la b le .  T ie d je  (1977 ) s h o w e d  th a t  C - E D T A
14
w a s  s lo w ly  d e g ra d e d  to  C O  b y  a v a r ie t y  o f s o ils  d i f f e r in g  in  u s e , p H
14
a n d  t e x tu r e .  H a le  a n d  W a lla c e  (1961) a p p lie d  C - la b e l le d  i r o n  E D D H A  '
to  s o i l  in  w h ic h  a s m a l l ,  f r u i t - b e a r in g  a v o c a d o  w a s  g ro w in g . S u b s e q u e n t
a n a ly s is  o f  th e  f r u i t s ,  le a v e s ,  s o i l ,  m a t e r i a l  r e m o v e d  b y  le a c h in g  a n d
o f bush  b ea n s  g ro w n  in  th e  s o i l  a ro u n d  th e  t r e e /a c c o u n te d  f o r  o n ly  o n e -  
14
s ix th  of the  a d d e d  C . F r o m  th is  th e y  in f e r r e d  th a t  th e  la b e l le d  E D D H A
h a d  b e e n  m e ta b o l iz e d  b y  s o i l  m ic r o - o r g a n is m s .  T h e  r e s u lts  o f o th e r
14 14
e x p e r im e n ts  in v o lv in g  in c u b a tio n  o f s o i l  w ith  C - E D D H A  a n d  C - D T P A
14
h a v e  b e e n  m o r e  a m b ig u o u s . T h e r e  w a s  lo s s  o f  C  f r o m  s o i l  in c u b a te d
14 14
w ith  C -  E D D H A  b u t no c h a n g e , o r  a t  m o s t  a  s l ig h t  g a in , in  C  w ith
14 C - D T P A  (H a le  e t a l . , 1 9 6 2 ). T h is  lo s s ,  as  th e  a u th o rs  n o te , c o u ld
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b e  th e  r e s u l t  o f  is o to p ic  e x c h a n g e  a n d  n e e d  n o t in d ic a te  c h an g es  in  th e  
c h e la t in g  a g e n t m o le c u le .
(d ) C o m p e t it io n  b e tw e e n  c h e la t in g  a g e n ts  an d  ro o ts :  o n ce  a  
m e t a l  c h e la te  re a c h e s  th e  ro o t  i t  is  p o s s ib le  th a t  th e  m e ta l  w i l l  n o t b e  
r e le a s e d  to  th e  r o o t  i f  th e  a s s o c ia t io n  b e tw e e n  m e ta l  a n d  c h e la t in g  
a g e n t is  g r e a t e r  th a n  th a t  b e tw e e n  m e ta l  and  r o o t .  B ro w n  e t a l . ( I9  60) 
n o t ic e d  a n  a p p a r e n t  c o m p e t it io n  f o r  i r o n  b e tw e e n  r o o t  a n d  c h e la t in g  
a g e n t w h e n  th e y  g r e w  s e v e r a l  s p e c ie s  in  n u t r ie n t  s o lu t io n  c o n ta in in g  
v a r io u s  c o n c e n tra t io n s  o f E D T A ,  D T P A ,  C D T A  a n d  E D D H A  (th e  i r o n  
s u p p lie d  as  f e r r i c  c h lo r id e ) .  N o t o n ly  d id  th e  c o n c e n tr a t io n  o f c h e la t in g  
a g e n t in  th e  n u t r ie n t  s o lu t io n  a f fe c t  th e  a b i l i t y  o f th e  ro o ts  to  a b s o rb  i r o n  
b u t  i t  a ls o  a f fe c te d  th e  to ta l  i r o n  c o n te n t o f th e  p la n t  to p s . In  1961 B r o w n
e t  a l . o b s e r v e d  th a t  th e  c a p a c ity  o f  ro o ts  to  a b s o rb  i r o n  (a n d  c o p p e r )  f r o m
- 5  - 5
n u t r ie n t  s o lu tio n s  c o n ta in in g  1 x  10 M  i r o n  a n d  0 . 16 -  18 x  10 M  D T P A
d e c r e a s e d  as  th e  c h e la tin g  a g e n t c o n c e n tra t io n  in c r e a s e d . A ls o  th e
r o o ts '  a b i l i t y  to  c o m p e te  w ith  th e  c h e la t in g  a g e n t w a s  s ee n  to  v a r y  w ith
th e  s p e c ie s  c o n s id e r e d . K id n e y  b e a n s , fo r  e x a m p le , w e r e  u n a b le  to
c o m p e te  a n d  d e v e lo p e d  c h lo r o s is  w h e n  th e  m o la r  c o n c e n tr a t io n  o f  D T P A
w a s  g r e a t e r  th a n  th a t  o f  i r o n .  L u p in s , h o w e v e r , d id  n o t d e v e lo p  c h lo r o s is
-  5
u n t i l  th e  D T P A  c o n c e n tra t io n  r e a c h e d  6  x  10 M . W a lla c e  a n d  H a le
(19 61), on  th e  o th e r  h a n d , fo u n d  o n ly  s lig h t  e v id e n c e  o f c o m p e t it io n
f o r  i r o n  b e tw e e n  p la n t  ro o ts  a n d  e x c e s s  E D D H A  w h e n  th e y  g r e w  s o y -
59
b e a n  s e e d lin g s  f o r  24  h o u rs  in  a  n u t r ie n t  s o lu t io n  c o n ta in in g  b o th  F e  
14
a n d  C - E D D H A .  H a le  (1 9 6 3 ), a ls o  u s in g  s o y b e a n s , d id  f in d  e v id e n c e  
o f  c o m p e t it io n  b e tw e e n  ro o ts  a n d  c h e la t in g  a g e n ts , n o tin g  th a t  n o t  o n ly
w a s  th e  p la n ts ' a b i l i t y  to  a b s o rb  i r o n  d e c re a s e d  b y  in c r e a s in g  c h e la t in g .....
a g e n t c o n c e n tr a t io n  bu t a ls o ,b y  in c r e a s in g  c h e la te  s ta b i l i t y .  H o w e v e r ,  
h e  a ls o  o b s e rv e d  th a t  th e  p r o p o r t io n  o f th e  a b s o rb e d  i r o n  re a c h in g  th e  
le a v e s  w a s  in c r e a s e d  u n d e r  th e s e  c ir c u m s ta n c e s .
D e s p ite  th e s e  p ro b le m s  s o i l  a p p lic a t io n  o f  m e ta l  c h e la te s  h as  
b e e n  s u c c e s s fu l in  s u p p ly in g  t r a c e  m e ta ls  to  p la n ts . B e n s o n  e t a l . (1 9 5 6 ), 
f o r  e x a m p le , fo u n d  th a t  2 lb  z in c  E D T A  o r  z in c  H E E D T A  p e r  t r e e  
in c r e a s e d  th e  z in c  c o n te n t o f p e a c h  t r e e  fo l ia g e  w h i le  L e o n a r d  a n d  
S te w a r t  (1952 , 19 53 ) r e p o r te d  g r e a t  s u c c e s s  u s in g  i r o n  E D T A  to  c o r r e c t
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c h lo r o s is  in  c i t r u s  on a c id  san d y  s o i l .  W a lla c e  (1956 , p . 4 4 )  fo u n d  th a t  
s o i l - a p p l ie d  i r o n  E D T A  in c r e a s e d  ir o n ,  m a n g a n e s e  a n d  z in c  c o n te n t o f  
s o y b e a n s  in  c o m p a r is o n  w ith  th o s e  o f a  c o n t r o l .
In c r e a s e d  g ro w th  and  y ie ld s  h a v e  a ls o  b e e n  n o te d  a f t e r  m e ta l  
c h e la te  a p p lic a t io n s .  W a lla c e  e t a l . (1957 ) q u o te  s tu d ie s  in  w h ic h  s o y ­
b e a n s  w e r e  g ro w n  in  s an d  c u ltu r e  w ith  a n u t r ie n t  s o lu t io n , c o m p le te ,  
b u t  la c k in g  i r o n .  T h e  a d d it io n  o f E D D H A  w ith  o r  w ith o u t  i r o n  a p p e a r e d  
to  in c r e a s e  y ie ld s .  F o r d  e t a l . (19 54 ) o b ta in e d  an  in c r e a s e  in  fe e d e r  
r o o t  g ro w th  on t r e a t in g  i r o n  d e f ic ie n t  c it r u s  w ith  s o i l - a p p l ie d  i r o n  E D T A  
a n d  M o r a g h a n  a n d  F r e e m a n  (19 78 ) n o t ic e d  in c r e a s e d  y ie ld s  in  f la x  t r e a t e d  
w it h  2 p p m  i r o n  E D D H A .
So fa i; o n ly  th e  a b i l i t y  o f m e ta l  c h e la te s  to  in c r e a s e  p la n t  m e ta l  
c o n te n ts  h a s  b e e n  c o n s id e r e d . H o w e v e r ,  in  s o m e  in s ta n c e s  th e y  d e c r e a s e  
m e t a l  le v e ls  a n d  th is  p r o p e r t y  has  a ls o  b e e n  u s e d  -  to  o v e rc o m e  t r a c e  
m e t a l  t o x ic i t ie s .  B a t je r  a n d  B e n s o n  (19 56 ) u s e d  z in c  E D T A  to  o v e rc o m e  
a r s e n ic  t o x ic i t y  in  p e a c h  t r e e s  w h ile  W a l la c e  a n d  N o r th  (19 56 ) s h o w e d  
th a t ,  in  p o t e x p e r im e n ts ,  a g a in s t  c o n tr o ls ,  i r o n  E D D H A  a p p lie d  to  
c h lo r o t ic  s o y b e a n s  e l im in a te d  th e  c h lo r o s is ,  in c r e a s e d  g ro w th  a n d , 
s u r p r is in g ly ,  a t  lo w  a p p lic a t io n  le v e ls , d e c r e a s e d  th e  i r o n  c o n te n t o f  
p la n t  to p s . D e K o c k  (195 6 ) n o te d  th a t  c h lo r o s is  a n d  s tu n tin g  in  m u s ta r d ,  
c a u s e d  b y  n ic k e l  a n d  c o p p e r in  th e ( c u ltu r e  s o lu t io n , w e r e  e l im in a te d  
in  th e  p r e s e n c e  o f  f e r r i c ,  n ic k e l  o r  c o p p e r  E D T A  an d  th a t  th e r e  w a s  a  
m a r k e d  d e c r e a s e  in  th e  u p ta k e  o f n ic k e l  a n d  c o p p e r . M o r e  r e c e n t ly ,  
in  f la x ,  M o r a g h a n  an d  F r e e m a n  (1 9 7 8 ) c o r r e c te d  lo w e r  le a f  s c o rc h  
s y m p to m s , s im i l a r  to  th o s e  c a u s e d  b y  m a n g a n e s e  to x ic ity , b y  th e  a p p l ic a ­
t io n  o f 2 p p m  i r o n  E D D H A .
A s  a c o n s e q u e n c e  o f th e s e  s u c c e s s e s  m e t a l  c h e la te s  h a v e  b e e n  
w id e ly  u s e d  in  s o m e  a g r ic u l t u r a l  a r e a s ,  th e  m o s t  n o ta b le  b e in g  th e  
c i t r u s  f r u i t  in d u s t r y .
1 . 6 A P P L I C A T IO N  O F  C H E L A T IN G  O R  C O M P L E X IN G  A G E N T S
A L O N E  T O  IN F L U E N C E  T R A C E  M E T A L  L E V E L S  IN
P L A N T S
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T w o  m a in  o b je c t io n s  m a y  be m a d e  to  th e  u se  o f t r a c e  m e ta l  
c h e la te s  in  th e  t r e a tm e n t  o f p la n t  d e f ic ie n c y  a n d  t o x ic i t y .  F i r s t l y ,  
m e t a l  c h e la te s  a r e  s t i l l  e x p e n s iv e  to  p ro d u c e  b e c a u s e , a p a r t  f r o m  th e  
c h e m ic a l  p ro c e s s e s  in v o lv e d , th e r e  is  le s s  d e m a n d  f o r  th e m  th a n  f o r  
m o r e  c o n v e n t io n a l t r e a tm e n ts  such  as N , P ,  K  f e r t i l i z e r s .  S o m e  p e o p le  
h a v e  s u c c e s s fu lly  o v e rc o m e  th is  d i f f ic u l t y  b y  a p p ly in g  c h e la t in g  a g e n ts  
a s  p a r t  o f  a  p h y s ic a l m ix t u r e  w ith  t r a c e  m e ta l  s a lts .  T h is  m e th o d ,  
h o w e v e r ,  in c r e a s e s  b o th  th e  l ik e l ih o o d  o f  u n e v e n  a p p lic a t io n  a n d  o f 
u n e v e n  p la n t  re s p o n s e . S e c o n d ly , in  m a n y  c a s e s , d e f ic ie n c ie s  in  p la n ts  
a r e  a  r e s u l t  n o t o f th e  la c k  o f a p a r t ic u la r  m e ta l  in  the  s o i l  b u t o f  a n  
in s u f f ic ie n c y  o f m e ta l  in  a f o r m  r e a d i ly  a v a i la b le  to  th e  p la n t . B y  
a p p ly in g  m e t a l  c h e la te s  one ig n o re s  th is  t r a c e  m e ta l  r e s e r v o i r  an d  
m a k e s  u s e  o n ly  o f  th e  a p p lie d  m e ta l .  I t  a p p e a rs  l i k e ly  th a t  p r e v io u s ly  
u n a v a i la b le  m e t a l  c o u ld  be  m a d e  a v a i la b le  b y  a d d in g  m e t a l - f r e e  c h e la t in g  
a g e n ts  to  th e  s o i l .  W a lla c e  (195 6 , p. 4 4 )  fo u n d  th a t  a c id  a n d  s a lt  fo r m s  
o f  c h e la t in g  a g e n ts  w e r e  c a p a b le  o f c h e la t in g  m ic r o n u t r ie n t s  f r o m  s o i l  
a n d  e a r l i e r ,  in  1955 , H o lm e s  a n d  B ro w n  in d ic a te d  th a t  as  l i t t l e  a s  0 . 01 g 
E D D H A / 7 lb  s o i l  (3  p p m ) p a r t i a l l y  c o r r e c te d  c h lo r o s is  in  s o y b e a n s  ( P I  -  
5 4 6 1 9 -5 -1 )  w h ile  0. 03 g p r e v e n te d  i t  d e v e lo p in g . H ig h e r  le v e ls  o f  
c h e la t in g  a g e n t, h o w e v e r , d e c r e a s e d  m a n g a n e s e  a n d  c o p p e r  c o n te n ts . 
G u in n  a n d  J o h a m  (19 62) o b s e rv e d  s i m i l a r  e f fe c ts  in  c o tto n  a f t e r  a p p ly in g  
th e  s o d iu m  s a lts  o f E D T A  and  E D D H A  in  th e  ra n g e  0 -  2 00  p m o l e / l i t r e  
n u t r ie n t  s o lu t io n . T h e y  a ls o  o b s e rv e d  th a t  t r e a t m e n t  le v e ls  n e a r  th e  
h ig h  e n d  o f  th e  ra n g e  d e c re a s e d  th e  i r o n  c o n te n t o f  th e  c o tto n  le a v e s  
c o m p a r e d  to  th e  25 an d  50 p m o le  t r e a tm e n t s .
D e s p ite  th e s e  in d ic a t io n s  th a t  c h e la tin g  a g e n ts  a lo n e  c an  m o b i l i z e  
s o i l  m e t a l  a n d  a l t e r  t r a c e  m e ta l  le v e ls  in  p la n ts  t h e r e  a p p e a rs  to  h a v e  
b e e n  c o m p a r i t iv e ly  l i t t l e  r e s e a r c h  in to  th is  a s p e c t  o f t r a c e  m e ta l  s u p p ly . 
M o r e  r e c e n t ly ,  h o w e v e r , T r e v e t t  e t a l . (1972 ) s h o w e d  th a t  E D T A  a lo n e  
a t  4 0 0  a n d  600 l b /a c r e  (4 4 8  an d  672 k g /h a )  s ig n i f ic a n t ly  in c r e a s e d  l e a f  
m a n g a n e s e , z in c  an d  i r o n  in  lo w b u s h  b lu e b e r r ie s .  T h e  c h e la t in g  a g e n t  
e f fe c t  p r o b a b ly  d ep en ds  upon such fa c to r s  as  p la n t  s p e c ie s , s o i l  ty p e , 
th e  m e t a l  u n d e r  c o n s id e r a t io n  an d , o f c o u rs e , th e  c h e la t in g  a g e n t b e in g  
u s e d . In  v ie w  o f th is , i t  w a s  d e c id e d , w ith  a  p a r t ic u la r  s p e c ie s , to
in v e s t ig a te  th e  e ffe c ts  o f s o m e  c h e la t in g  a g e n ts , a p p lie d  a t  r e la t iv e l y  
lo w  le v e ls ,  u p o n  th e  c o n c e n tra t io n s  o f a fe w  t r a c e  e le m e n ts  in  th e  
p la n t .  P o t  a n d  f ie ld  e x p e r im e n ts  d e s ig n e d  w ith  th is  p u rp o s e  in  m in d  
a r e  d e s c r ib e d  a n d  d is c u s s e d  in  C h a p te rs  2 a n d  3.
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C H A P T E R  2
I N I T I A L  P O T  A N D  F I E L D  E X P E R IM E N T S
2 . i  A IM S  O F  T H E  T H E S IS
A  la r g e  b o d y  o f  e v id e n c e  e x is ts  in  th e  l i t e r a t u r e  to  show  th a t  
s o i l - a p p l ie d ,  t r a c e  m e ta l  c h e la te s  c an  in f lu e n c e  the  t r a c e  m e t a l  c o n ­
te n t  o f v e g e ta t io n . In  m a n y  in s ta n c e s  the  r e s e a r c h e r s  w e r e  a t te m p t in g  
to  c o r r e c t  t r a c e  m e ta l  d e f ic ie n c ie s  u s in g  c h e la te s  to  s u p p ly  th e  d e f ic ie n t  
m e t a l .  T h is  a p p ro a c h , h o w e v e r , o v e r lo o k s  th e  fa c t  th a t  d e f ic ie n c ie s  
can  o c c u r  w h e r e  th e  m e ta l  c o n te n t o f  th e  s o i l  w o u ld  be s u f f ic ie n t  to  
m e e t p la n t  r e q u ir e m e n ts  bu t w h e r e  th e  m e ta l  d oes  n o t e x is t  i n  a  f o r m  
in  w h ic h  i t  is  a v a i la b le  to  th e  p la n t . A  n u m b e r  o f w o r k e r s  h a v e  s u c c e s s ­
f u l l y  d e m o n s tr a te d  th a t  a d d it io n s  of m e t a l - f r e e  c h e la t in g  a g e n ts  to  s o ils  
lo w  in  a v a i la b le  i r o n ,  m a n g a n e s e  an d  z in c , h a v e  o fte n  r e s u lte d  in  
in c r e a s e d  u p ta k e  o f th e s e  m e ta ls  (A b d u lla  an d  S m ith , 1963; G o n z a le z  
e t  a l .  , 1 9 7 2 ). I t  h as  b e e n  s u g g e s te d  th a t  c h e la t in g  a g e n ts  a c c o m p lis h  
th is  b y  c h e la t in g  in d ig e n o u s  s o il m e ta ls ,  h i t h e r t o  u n a v a i la b le ,  fo r m in g  
s o lu b le  c h e la te s  w h ic h  p r e s e n t  th e  m e ta ls  in  a f o r m  a v a i la b le  to  p la n ts  
(H o lm e s  and  B ro w n , 1955; A b d u lla  an d  S m ith , 1 9 6 3 ). A p p l ic a t io n  
r a te s  t y p ic a l  o f  such  s tu d ie s  a r e :  10 -  100 m g  E D T A ,  D T P A /1 0 0  g s o i l  
(G o n z a le z  e t  a l . , 1972); 2 50  l b / a c r e  (120 p p m ) D T P A  (H o lm e s  an d
B r o w n , 1955 ) a n d  25 p p m  E D T A ,  E D D H A , D T P A  in  s o i l  (W a l la c e  a n d  
M u e l le r ,  19 6 8 ).
T h e s e  l a t t e r  o b s e rv a t io n s  a r e  th e  b a s is  f o r  th is  th e s is ,  th e  a im s  
o f w h ic h  a r e :  f i r s t l y ,  to  d e te r m in e  w h e th e r  o r  n o t u n c o m p le x e d  c h e la t in g  
a g e n ts  in f lu e n c e  th e  t r a c e  m e ta l  c o n te n t o f  a  p a r t ic u la r  p la n t  s p e c ie s ;  
s e c o n d ly , to  a s c e r t a in  w h e th e r  a p p lic a t io n  r a te s  lo w e r  th a n  th e  u s u a l  
w o u ld  be e f fe c t iv e  and  t h i r d ly ,  to  see  i f  such  a r e g im e  c o u ld  b e  a p p lie d  
s u c c e s s fu lly  in  a p r a c t ic a l  a g r ic u l t u r a l  s itu a t io n .
T h e  fo l lo w in g  e x p e r im e n ts  w e r e  s e t up  to  r e a c h  c o n c lu s io n s  
u n d e r  e a c h  o f th e s e  h e a d in g s .
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2 . 2 E X P E R I M E N T A L
2 . 2 . i  C H A R A C T E R IZ A T IO N  O F  T H E  S O IL  U S E D  IN  T H E  P O T
E X P E R IM E N T S
T h e  s o i l ,  a  w e l l - d r a in e d  b ro w n  e a r th ,  w a s  c o l le c te d  f r o m  a  
n o r t h - e a s t  fa c in g , b r a c k e n  c o v e r e d  s lo p e  a t C a r b e th  (M a p  r e fe r e n c e  
N S  5 2 2 7 9 7 ) .
I t s  c h a r a c t e r is t ic s  a r e  d e ta ile d  in  T a b le s  2. 2 . 1 .1 , 2 . 2 .1 .  2
a n d  2 . 2 . 1. 3 .
2 . 2 . 2  P O T  E X P E R IM E N T S  IN V O L V IN G  A P P L I C A T IO N  O F  S M A L L
Q U A N T IT IE S  O F  C H E L A T IN G  A G E N T  T O  A N  A C ID  S O IL
2 . 2 . 2 . 1 In t r o d u c t io n
T h e  p u rp o s e  w a s  to  d e te r m in e  w h e th e r  th e  a p p lic a t io n  to  th e  
s o i l  o f  lo w  le v e ls  o f c h e la t in g  a g e n t ( t r a c e  m e ta l  f r e e )  in f lu e n c e d  th e  
le v e ls  o f t r a c e  m e ta l  p r e s e n t  in  a p a r t ic u la r  s p e c ie s  o f b e a n .
2 . 2 . 2 . 2 M a t e r ia ls  an d  M e th o d s
(1) T r e a tm e n ts
T h e  c h e la tin g  a g e n ts  u s e d  w e r e  E D T A  (a s  th e  d i - s o d iu m  s a lt ) ,  
E D D H A  an d  2 -k e to g lu c o n ic  a c id . ,  T h e  f o r m e r  a r e  e x a m p le s  o f c o m m o n ly  
u s e d , s y n th e t ic , c o m m e r c ia l  t r e a tm e n ts .  T h e  l a t t e r ,  k n o w n  to  o c c u r  
in  p la n t  e x u d a te s , w a s  in c lu d e d  as  a n  e x a m p le  o f  a  n a t u r a l ly  o c c u r r in g  
c h e la to r .
T r e a t m e n t  s o lu tio n s  c o n ta in in g  0. 02 (1. 0 ) , 0 . 20  (10 . 0 ), 0 . 50  
(2 5 . 0 ), 1. 00 (5 0 . 0 ) , 1. 50 (7 5 . 0 ), 2 . 00 (100 . 0 ) an d  3. 00 (1 5 0 . 0 ) p p m  
c h e la t in g  a g e n t m a d e  up in  d e io n is e d  w a te r  w e r e  a p p lie d  in  th e  e x p e r i ­
m e n t .  F ig u r e s  in  p a r e n th e s is  r e f e r  to  th e  to ta l  q u a n t ity  (e x p r e s s e d  
as  f i g / 100 g s o i l)  o f  c h e la t in g  a g e n t s u p p lie d  in  e a c h  t r e a t m e n t .  E D D H A  
w a s  c o n v e r te d  to  its  s o d iu m  s a lt  on a c c o u n t o f  th e  lo w  s o lu b i l i t y  o f i t s  
a c id  f o r m .  A  d e io n is e d  w a te r  c o n tro l w a s  a ls o  in c lu d e d  in  th e  e x p e r i­
m e n t.
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T a b le  2 . 2 .1 .1  S o m e  p h y s ic a l c h a r a c t e r is t ic s  o f th e  s o i l  u s e d  in
^  . a
th e  p o t e x p e r im e n ts
p H  % L .  O . I .  C % O . M . ^ M e c h a n ic a l  A n a ly s is 6
% S and  % S i l t  % C la y
4 . 5 2 3 .2 3  18. 70 3 3 .1 3  3 8 .4 8  2 6 . 72
A l l  d a ta  g iv e n  as m e a n  o f 2 r e p l ic a t e s .
D e t e r m in e d  a t  1 : 2 . 5 s o i l /w a t e r  r a t io .
D e t e r m in e d  a t  7 0 0 ° C .
B y  th e  W a lk le y - B la c k  w e t  c o m b u s tio n  m e th o d  (W a lk le y ,  1 9 4 7 ). 
C o n v e r s io n  f a c to r  1. 72 .
B y  a  m o d if ie d  p ip e tte  m e th o d . P r i m a r y  s o i l  p a r t ic le s  s e p a r a te d  
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( 2 ) M e th o d
B e a n  p la n ts  (P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  w e r e
p la n te d  (o n e  p e r  p o t) in  63 m m  d ia m e t e r  p la s t ic  p o ts  c o n ta in in g  100 g,
2 m m  s o i l  in  f ie ld  m o is t  c o n d it io n . T h e  p o ts  w e r e  k e p t  in  a  g ro w th
c h a m b e r  a d ju s te d  to  a 16 h o u r d a y - le n g th  a n d  a te m p e r a t u r e  o f 2 4 ° C .
D e io n is e d  w a te r  w a s  s u p p lie d  f r o m  b e lo w  as r e q u i r e d  th r o u g h o u t th e
p e r io d  o f the  e x p e r im e n t .  O n  the  21st d ay  a f t e r  p la n t in g  (p la n t in g
c o u n tin g  as  d ay  1) t r e a tm e n t  w a s  in i t ia te d .  O n  e ac h  o f 5 s u c c e s s iv e  
3
d ay s  10  c m  o f c h e la t in g  a g e n t s o lu t io n  w e r e  a p p lie d  to  th e  s o i l  in  th e
p o ts . E a c h  t r e a tm e n t  w a s  r e p l ic a t e d  4 t im e s .  O n th e  4 th  d ay  a f t e r
t r e a t m e n t  w a s  c o m p le te d  th e  p la n ts  w e r e  h a r v e s te d , w a s h e d  w ith
d e io n is e d  w a te r ,  s e p a r a te d  in to  a b o v e -g ro u n d  ( S T E M )  a n d  b e lo w -
g ro u n d  (R O O T )  p a r ts  a n d  d r ie d  o v e rn ig h t  in  a f o r c e d -d r a u g h t  o v e n  a t  
o
100 C . D r y  m a t t e r  y ie ld s  w e r e  n o te d .
(3 )  A n a ly t ic a l  te c h n iq u e
A f t e r  d ry in g  an d  o b ta in in g  th e  y ie ld  e a c h  r e p l ic a t e  w a s  a n a ly s e d  
s e p a r a te ly  a s  fo l lo w s :  q u a n t it ie s  o f d r ie d  m a t e r i a l  ( a p p r o x im a t e ly
0 .1  g p e r  s a m p le )  w e r e  a c c u r a te ly  w e ig h e d  a n d  th e n  d ig e s te d  f o r  15
3 3m in u te s  w ith  5 c m  A R IS T A R  n i t r i c  a c id  in  a  2 5 0  c m  t a l l - f o r m  b e a k e r
3
c o v e r e d  b y  a  w a tc h -g la s s .  A f t e r  c o o lin g , 5 c m  A R IS T A R  p e r c h lo r ic
a c id  w e r e  a d d e d  a n d  d ig e s t io n  c o n tin u e d  f o r  a  f u r t h e r  15 m in u te s .
A f t e r  a  f in a l  c o o lin g  p e r io d  th e  c o n te n ts  o f th e  b e a k e r  w e r e  t r a n s f e r r e d ,
3
w ith  w a s h in g s  f r o m  b o th  b e a k e r  a n d  w a tc h -g la s s ,  to  a 25  c m  v o lu m e t r ic  
f la s k  an d  m a d e  to  th e  m a r k  w ith  d is t i l le d  w a t e r .  T h e  s a m p le  s o lu t io n s
w e r e  a n a ly s e d  fo r  i r o n ,  m a n g a n e s e  a n d  z in c  u s in g  a P e r k i n - E l m e r  -----
3 7 0 A  A to m ic  A b s o r p t io n  S p e c tro p h o to m e te r .  A n  a i r / a c e t y le n e  f la m e  
m ix t u r e  w a s  u s e d  in  e v e r y  c a s e  a n d  m a t r i x  in t e r f e r e n c e s  w e r e  m i n i ­
m is e d  b y  in c lu d in g  in  th e  s ta n d a rd s , a p p r o p r ia te  v o lu m e s  o f  A R IS T A R  
n i t r ic ,a n d  p e r c h lo r ic ,a c id s .
(4 )  P r e c is io n  o f the  a n a ly t ic a l  te c h n iq u e
B e c a u s e  in s u f f ic ie n t  m a t e r ia l  w a s  p ro d u c e d  in  th e  p o t e x p e r im e n ts ,  
m a t e r ia l  c o l le c te d  d u r in g  th e  f ie ld  e x p e r im e n t  (s e e  s e c t io n  2 . 2 . 4 )  w a s  
u s e d  in  d e te r m in a t io n  o f th e  a n a ly t ic a l  e r r o r s .  F r o m  one o f  th e  s u b -
42
p lo ts , r a n d o m ly  c h o s e n , f iv e  s u b s a m p le s  (o f  a p p r o x im a te ly  0 . 1 g e a c h )  
w e r e  ta k e n , a c c u r a te ly  w e ig h e d , a n d  th e n  a n a ly s e d  as d e s c r ib e d  a b o v e .  
E r r o r s  on e a c h  m e ta l  w e r e  c a lc u la te d  and  a r e  p r e s e n te d  in  T a b le  
2 . 2 . 2 . 1.
2 . 2 . 2 . 3 R e s u lts  and  D is c u s s io n
T h e  r e s u lts  a r e  p re s e n te d  in  T a b le s  2. 2 . 2. 2 , 2 . 2 . 2 . 3 a n d
2 . 2 . 2 . 4 .
O n e -w a y  a n a ly s is  o f v a r ia n c e  show s b o th  E D T A  a n d  2 -k e to g lu c o n ic  
a c id  to  h a v e  no s ig n if ic a n t  e f fe c t  on y ie ld  o r  upon  th e  i r o n ,  m a n g a n e s e  
o r  z in c  c o n te n ts  o f th e  p la n ts . O n  th e  o th e r  h an d , E D D H A , w h ile  
h a v in g  no s ig n if ic a n t  e f fe c t  upon  m e ta l  le v e ls  an d  s te m  y ie ld ,  d id  
in c r e a s e  r o o t  y ie ld .  T h e  e f fe c t  w a s  s lig h t  a n d  o n ly  ju s t  s ig n i f ic a n t  a t  
th e  5% le v e l .
G ro w th  e ffe c ts  o f th is  s o r t  h a v e  b een  o b s e rv e d  w ith  o th e r  
c h e la t in g  a g e n ts . F o r  e x a m p le , M a ju n d e r  a n d  D u n n  (195 8 ) fo u n d  th a t  
in  n u t r ie n t  s o lu t io n s , in  g re e n h o u s e  c o n d it io n s , lo w  c o n c e n tra t io n s  
o f E D T A  (10 p m o le  a n d  b e lo w ) w e r e  e x t r e m e ly  b e n e f ic ia l  to  p la n t  
g ro w th , e s p e c ia l ly  to  ro o t  d e v e lo p m e n t. W e in s te in  e t  a l . (1 9 5 6 ) a ls o  
r e c o r d e d  s u b s ta n tia l in c r e a s e s  in  th e  le n g th  o f h y p o c o ty l s e c tio n s  o f
e t io la te d  w h ite  lu p in  s e e d lin g s  f lo a te d  in  s o lu tio n s  o f d i - s o d iu m  E D T A
- 4  ‘ - 4  - 5
( a t  c o n c e n tra t io n s  o f 3 x  10 M ,  1 x  10 M  a n d  5 x  10 M ) .  T h e y
s u g g e s te d  th a t  th e  f r e e  c h e la t in g  a g e n t p ro m o te d  g ro w th  b y  c o m p le x in g  
a n d  r e m o v in g  c a lc iu m  f r o m  th e  c e l l  w a l l  s t r u c t u r e ,p e r m i t t in g  e x p a n s io n .  
O th e r  s u g g e s tio n s  as to  th e  cau se  o f  g ro w th  p r o m o tio n  b y  c h e la t in g  
a g e n ts  h a v e  b e e n , s t im u la t io n  o f e n z y m e  a c t iv i t y  a n d  im p r o v e d  m i c r o ­
n u t r ie n t  b a la n c e  (q u o te d  b y  W a lla c e ,  19 6 2 ).
I t  is  p o s s ib le  th a t  E D D H A  o p e ra te s  in  one o r  m o r e  o f  th e s e
w a y s .
2 . 2 . 3 P O T  E X P E R IM E N T S  IN V O L V IN G  A P P L I C A T IO N  O F  S M A L L  
Q U A N T IT IE S  O F  C H E L A T IN G  A G E N T  T O  A  L I M E D  S O IL
2 . 2 . 3 . 1 In t r o d u c t io n
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T a b le  2 . 2 . 2 .1  P r e c is io n  o f the  a n a ly t ic a l  te c h n iq u e
a
M e a n S ta n d a rd S ta n d a rd  e r r o r S ta n d a rd
D e v ia t io n on m e a n e r r o r  as  % 
o f m e a n
F e  - 1  
(m g .k g  )
Sb 3 6 5 . 7 5 7  
R b 4 6 0 .1 2 7
1 0 . 2 9 2  
3 6 . 82 5
4 . 4 0 6  
15. 7 6 4
1. 2 0 5  
3 . 4 2 6
M n  
(m g .k g  )
S 5 6 . 621 7. 747 3 . 316 5 . 857
R *
Z n  - 1
S 7 3 .7 7 6 6 . 315 2 . 703 3 . 664
(m g .k g  ) R  3 3 . 322 2 2 .6 6 4 9 . 702 2 9 .1 1 5
a  A l l  d a ta  g iv e n  as  m e a n  o f 5 r e p l ic a te s ,
b R  a n d  S s ig n ify  r o o t  an d  s te m  r e s p e c t iv e ly .
*  M a n g a n e s e  c o n c e n tra t io n s  in  th e  r o o t  w e r e  to o  lo w  to  be m e a s u r e d
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T h e  la s t  s e r ie s  o f e x p e r im e n ts  s h o w ed  th a t  none o f th e  c h e la t in g  
a g e n ts  s ig n i f ic a n t ly  a f fe c te d  t r a c e  m e ta l  le v e ls  in  p la n ts . O n e  p o s s ib le  
e x p la n a t io n  fo r  th is  is  th a t  c h e la t in g  a g e n ts  o n ly  in f lu e n c e  m e t a l  le v e ls  
in  p la n ts  g ro w in g  on m e ta l - d e f ic ie n t  s o i ls . T h e r e f o r e ,  a f u r t h e r  s e t o f  
e x p e r im e n ts  w a s  c o n d u c te d  u s in g  the  s a m e  c h e la t in g  a g e n ts , a p p lic a t io n  
r a te s  a n d  c u l t iv a r ,  b u t on a l im e d  s o i l ,  as  a d e f ic ie n c y  s itu a t io n .
2 . 2 . 3 . 2 M a t e r ia ls  an d  M e th o d s
T h e r e  w e r e  tw o  m o d if ic a t io n s  to  th e  p r o c e d u r e  d e s c r ib e d  in  
2 . 2 . 2  a b o v e :
(1) th e  s o i l  p H  w a s  r a is e d  to  7 . 1 b y  in c o r p o r a t in g  p o w d e re d  
c a lc iu m  c a rb o n a te ,
( 2 )  th e  1 p p m  (50  p g ) an d  2 p p m  (100 p g ) t r e a tm e n ts  w e r e  
o m it te d .
2 . 2 . 3 . 3 R e s u lts  and  D is c u s s io n
T h e  r e s u lts  a r e  g iv e n  in  T a b le s  2. 2 . 3 .1 , 2 . 2. 3 . 2 a n d  2 . 2 . 3 . 3 .
O n e -w a y  a n a ly s is  o f v a r ia n c e  show s th a t  none o f th e  c h e la t in g  
a g e n ts  h as  a  s ig n if ic a n t  e f fe c t  on y ie ld  o r  u p o n  t r a c e  m e ta l  c o n te n t.
T h e  fo l lo w in g  a r e  th e  o b s e rv a t io n s  on c o m p a r is o n  o f  th e  r e s u lt s  
on a  l im e d  s o i l  w ith  a n  a c id  s o il:-
(1) s te m  y ie ld s  w e r e  in c r e a s e d  u n d e r  t r e a t m e n t  w ith  E D D H A  
a n d  2 -k e to g lu c o n ic  a c id . H a d  th e  y ie ld  f ig u r e s  b e e n  a v a i la b le  f o r  E D T A  
t r e a te d  b ea n s  th e  s a m e  e f fe c t  m ig h t  h a v e  b e e n  n o te d  b e c a u s e , r e g a r d - _  
le s s  o f t r e a tm e n t ,  p la n ts  g ro w n  on th e  l im e d  s o il  w e r e  t a l l e r  th a n  
th o s e  g ro w n  on the  a c id  s o i l ,  a lth o u g h  s te m s  and  p e t io le s  w e r e  th in n e r  
a n d  m o r e  e a s i ly  b ro k e n ,
( 2 ) z in c  a n d  m a n g a n e s e  w e r e  re d u c e d  in  r o o t  a n d  s te m  in  a l l  
c h e la t in g  a g e n t t r e a tm e n ts .  T h is  r e s u l t  w a s  n o t u n e x p e c te d  b e c a u s e  
th e s e  m e ta ls  a r e  k n o w n  to  b e c o m e  le s s  s o lu b le  a n d  le s s  a v a i la b le  as  
s o i l  p H  in c r e a s e s ,
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2 -k e to g lu c o n ic  a c id  t r e a te d  p la n ts . D e s p ite  th is  th e  p la n t  le a v e s  w e r e  
o f  a  l ig h t e r  g re e n  th a n  s im i la r ly  t r e a te d  p la n ts  g ro w n  on th e  a c id  s o i l ,  
in d ic a t in g  s l ig h t  c h lo r o s is . T h e  r e s u lts  w ith  E D D H A  w e r e  r a t h e r  le s s  
c le a r .  In  c o m p a r is o n  w ith  p la n ts  in  a c id  s o i l ,  in  h a l f  the  t r e a tm e n t s ,  
s te m  i r o n  le v e ls  w e r e  in c r e a s e d  an d  in  h a lf ,  d e c re a s e d . A  s lig h t  lo s s  
in  g r e e n  c o lo u r a t io n  w a s  s t i l l  a p p a re n t .
In  c o m p a r is o n  w ith  g re e n  p la n ts , in c r e a s e d  i r o n  le v e ls  in  c h lo r o t ic  
p la n ts  h a v e  b e e n  o b s e rv e d  b y  o th e rs . D e K o c k  (1 9 5 5 ), f o r  e x a m p le ,  
s ta te s  th a t  ’ ’th e  p e rc e n ta g e  i r o n  in  th e  a s h  o f c h lo r o t ic  p la n ts  h as  
f r e q u e n t ly  b e e n  fo u n d  to  be h ig h e r  th a n  in  th e  a s h  o f h e a lth y  p la n ts . " 
S h an n o n  (19 56 ) a p p e a rs  to  c o m p lim e n t  th is  b y  s ta t in g  th a t  " fo lia g e  f r o m  
c h lo r o t ic  t r e e s  g ro w in g  in  l i m e - s o i l  o r c h a rd s  c o n ta in s  n e a r ly  th e  s a m e  
c o n c e n tra t io n s  o f i r o n  as fo l ia g e  f r o m  a d ja c e n t  g re e n  t r e e s .  "
( 4 )  w h e n  a p p lie d  u n d e r  th e s e  c o n d it io n s , th e s e  c h e la t in g
a g e n ts  w e r e  u n a b le  to  p r e v e n t  c h lo r o s is  o c c u r r in g .
2 . 2 . 4  F I E L D  E X P E R IM E N T  IN V O L V IN G  T H E  A P P L I C A T IO N  O F
S M A L L  Q U A N T IT IE S  O F  C H E L A T IN G  A G E N T
2. 2 . 4 . 1 In t r o d u c t io n
A  f ie ld  t r i a l  w a s  u n d e r ta k e n  c o n c u r r e n t ly  w ith  the  p o t e x p e r im e n ts  
to  d e te r m in e  w h e th e r  th e s e  lo w  le v e ls  o f  c h e la t in g  a g e n t c o u ld  in f lu e n c e  
th e  t r a c e  m e ta l  c o n te n t o f p la n ts  g ro w n  in  c ir c u m s ta n c e s  m o r e  n e a r ly  
a p p r o x im a t in g  th o s e  fo u n d  in  a n  a g r ic u l t u r a l  s i tu a t io n .
2 . 2 . 4 .  2 M a t e r ia ls  an d  M e th o d s   .
( 1 ) D e s c r ip t io n  an d  p r e p a r a t io n  o f  th e  p lo t
T h e  e x p e r im e n ta l  p lo t,, s itu a te d  a t  G a r s  cube E s ta te ,  G la s g o w  
( M a p  r e fe r e n c e  N S  5 5 0 7 0 5 ), o c c u p ie d  a n  a r e a  a p p r o x im a te ly  15 m  x  11 m .  
T h e  a r e a  w a s  fe n c e d  o ff  w ith  p la s t ic  n e tt in g  s ta p le d  to  c r e o z o te d ,  
w o o d e n  s ta b s  a n d  s e c u r e d  to  th e  g ro u n d . In  a d d it io n , th e  a r e a  w a s  
ro o fe d  w ith  the  s a m e  m a t e r ia l  s u p p o rte d  on p o s ts  w ith in  th e  p lo t .
150 s u b -p lo ts , 100 c m  lo n g  by 60 c m  w id e , w e r e  m a r k e d  o u t. A  p la n  
o f th e  p lo t , g iv e n  in  F ig u r e  2. 2. 4 . 1, show s th e  a r r a n g e m e n t  o f s u b -
F ig u r e  2 . 2 . 4 .1  P la n  o f the  e x p e r im e n ta l  p lo t  ( F i e l d  e x p e r im e n t )
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p lo ts , s e p a r a t in g  p a th s , n e tt in g , n e tt in g  s u p p o rts  a n d  th e  s a l ie n t  
f e a tu r e s  o f th e  g ro u n d  a ro u n d  th e  fe n c e d  a r e a .
T h r e e  ro w s  o f s u b -p lo ts  (m a r k e d  X  in  F ig u r e  2 . 2 . 4 .1 )  w e r e  
b a d ly  a f fe c te d  b y  cou ch  g ra s s  p e r s is t in g  f r o m  a n  e x p e r im e n t  o f th e  
p r e v io u s  y e a r .  F r e q u e n t  w e e d in g  w a s  r e q u ir e d  to  re d u c e  c o m p e t it io n  
w ith  th e  e x p e r im e n ta l  c u l t iv a r .  T h e  s o i l  w a s  a ls o  s h a l lo w e r  a n d  m o r e  
s to n y  h e r e  th a n  e ls e w h e r e . C u l t iv a r  p e r fo r m a n c e  w a s  n o t ic e a b ly  
p o o r e r  in  th e s e  s u b -p lo ts .
S o il s a m p le s  f r o m  tw e lv e , r a n d o m ly  s e le c te d  s u b -p lo ts  w e r e  
s ie v e d  to  p as s  a 2 m m , ro u n d -h o le d , b r a s s  s ie v e , a i r - d r i e d  a t  3 0 ° C ,  
a n d  c h a r a c t e r iz e d  w ith  r e s p e c t  to  p H  a n d  p e r c e n ta g e  lo s s  on ig n it io n  
(s e e  T a b le  2 . 2 . 4 .1  and  N . B . ).
( 2 )  P la n t in g
B e a n s  ( P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  w e r e  g e r ­
m in a te d  in  v e r m ic u l l i t e  and  la b o r a t o r y -  g ro w n  f o r  12 d ay s  in  th is  
m e d iu m . O n  3 0 th  M a y , 1978 the s e e d lin g s  w e r e  p la n te d  o u t, 12 p e r  
s u b -p lo t ,  in  tw o  ro w s  o f s ix , a lo n g  th e  100 c m  s id e s . T h e  p la n ts  w e r e  
s p a c e d  10 c m  a p a r t  a n d  th e  ro w s  s ta r te d  a n d  f in is h e d  25  c m  f r o m  th e  
ends o f  s u b -p lo ts  to  e n s u re  s e p a r a t io n  b e tw e e n  b ea n s  in  a d jo in in g  s u b ­
p lo ts . P la n ts  w e r e  w a te r e d  im m e d ia te ly  a f t e r  p la n t in g  a n d  th o s e  d y in g  
w ith in  a w e e k  w e r e  r e p la c e d  b y  o th e rs , g e r m in a te d  a n d  la b o r a t o r y -  
g ro w n  in  v e r m i c u l l i t e ,  and  k e p t  in  a n e a r b y  s h ed  u n t i l  r e q u i r e d .
(3 )  H u s b a n d ry
D r y  w e a th e r  im m e d ia te ly  p r io r  to , a n d  fo l lo w in g , p la n t in g  m a d e  
h a n d -w a te r in g  n e c e s s a r y  f o r  th e  f i r s t  w e e k . T h e r e a f t e r ,  p r e c ip i t a t io n  
w a s  s u f f ic ie n t  to  s a t is fy  p la n t  r e q u ir e m e n ts .
H a n d -w e e d in g  w a s  c a r r ie d  o u t as  n e c e s s a r y  th ro u g h o u t  th e  
e x p e r im e n t .
(4 )  T r e a tm e n ts
T w o  c h e la tin g  a g e n ts  u s e d  in  th e  p o t e x p e r im e n ts  -  E D D H A  a n d
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T a b le  2 . 2 , 4 .1  F ie ld  e x p e r im e n t  -  p H  a n d  p e r c e n ta g e  lo s s  on
ig n it io n  in  12  r a n d o m ly  s e le c te d  s u b -p lo ts
S u b -p lo t  n u m b e r u aPH % L o s s  on ig n it io n ^
3 6 . 9 8 13. 2 0
6 7 . 07 1 2 . 2 8
18 6 . 87 11. 55
24 7.11 11. 87
61 6 . 71 11.19
70 7 . 20 13. 0 5
93 6 . 91 1 2 . 61
105 6 . 57 11. 97
133 7 . 08 13. 56
145 7 . 04 13. 6 8
148 6 . 81 1 2 . 2 8
149 6 . 69 1 3 .0 6
a  1 : 2 . 5 s o i l /w a te r  r a t io ,
b D e t e r m in e d  a t  8 2 0 ° C .
N .  B . B e c a u s e  p H  a n d  p e rc e n ta g e  lo s s  on ig n it io n  v a lu e s  d id  n o t f lu c tu a te  
w id e ly  i t  w a s  a s s u m e d  th a t  th e  s o i l  th ro u g h o u t th e  p lo t  w a s  r e a s o n a b ly  
h o m o g e n e o u s .
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2 -k e to g lu c o n ic  a c id  -  w e r e  c h o sen  to  a l lo w  a d i r e c t  c o m p a r is o n  to  be  
m a d e  b e tw e e n  t h e i r  e ffe c ts  in  the  tw o  s itu a t io n s . C i t r a t e  a n d  b ic a r b o n ­
a te ,  w h ic h , l ik e  2 -k e to g lu c o n ic  a c id , h a v e  b e e n  d e te c te d  in  p la n t  r o o t  
e x u d a te s  a n d  a r e  th o u g h t to  be n a tu r a l  c h e la to r s ,  w e r e  a ls o  in c lu d e d .
T r e a t m e n t s ,  c a lc u la te d  on th e  b a s is  o f 2 , 500  m e t r i c  to n n e s  s o i l /  
h e c t a r e ,  an d  c o r re s p o n d in g  to  the  0, 10, 50, 75 , 100 an d  150 pg le v e ls  
o f  th e  p o t e x p e r im e n ts ,  w e r e  m a d e  up  in  d e io n is e d  w a te r .  T h e  t r e a t ­
m e n t  le v e ls  w e r e  th e r e fo r e  e q u iv a le n t  to  a p p ly in g  in  th e  r e s p e c t iv e  s u b ­
p lo ts  0 , 2 5 , 125, 188, 2 50  o r  375  m g  o f c h e la t in g  a g e n t (a s  c i t r a t e ,  
b ic a r b o n a te ,  E D D H A  o r 2 -k e to g lu c o n ic  a c id ) .  T h is  c o r re s p o n d s  to  th e  
a d d it io n  p e r  h e c ta r e  o f 0, 0 . 4 2 , 2 . 1, 3 . 2, 4 . 2 o r  6 . 3 k g .
T h e  s u b -p lo ts  w e r e  d iv id e d  in to  th r e e  g ro u p s , th e  f i r s t  o f w h ic h  
w a s  t r e a te d  on 13th Ju n e , th e  seco n d  on 2 2n d  Ju n e  an d  th e  t h i r d  on  
7 th  A u g u s t ( i .  e . the  15th, 2 4 th  a n d  7 0 th  days  a f t e r  p la n t in g ) .  S ix  sub^- 
p lo ts  (n u m b e rs  13, 2 9 , 56 , 76 , 85 an d  134) r e m a in e d  u n tr e a te d  th r o u g h ­
o u t.
(5 )  E x p e r im e n t a l  d e s ig n
T w o  in d e p e n d e n tly  ra n d o m is e d  b lo c k s  w e r e  s e t up  e a c h  c o n ta in in g  
a l l  72 t r e a tm e n ts .
( 6 ) A p p l ic a t io n  o f t r e a tm e n ts
1 . 25  l i t r e s  o f a p p r o p r ia te ly  d ilu te d  c h e la t in g  a g e n t s o lu t io n  w a s  
a p p lie d  to  th e  d e s ig n a te d  s u b -p lo t  f r o m  a  p la s t ic  w a te r in g  c a n  f i t t e d  w ith  
a  p la s t ic  d r ib b le  b a r .  A p p r o x im a te ly  one h a l f  o f  th is  v o lu m e  w a s  
a p p lie d  to  th e  s o i l  a d ja c e n t  to  e ac h  o f th e  ro w s  o f b e a n s , ta k in g  c a r e  to  
a v o id  s p i l la g e  o n to  th e  le a v e s . T r e a tm e n ts  w e r e  a p p lie d  s e q u e n t ia lly ,  
s ta r t in g  w ith  th e  c o n tr o l.  T h is  p ro c e d u re  w a s  r e p e a te d  w ith  e a c h  o f 
th e  c h e la t in g  a g e n ts  in  tu r n .  T h e  c a n  a n d  a t ta c h m e n ts  w e r e  w e l l  
w a s h e d  b e tw e e n  a g e n ts .
(7 )  H a r v e s t in g
T h e r e  w e r e  tw o  h a r v e s t  d a te s . T h e  f i r s t ,  on 2 7 th  J u n e , 1978  
(th e  2 9 th  d ay  a f t e r  p la n t in g ) , c o r re s p o n d e d  a p p r o x im a te ly  to  th e  h a r v e s t
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t im e  in  th e  p o t e x p e r im e n ts  an d  w a s  ch o sen  to  a l lo w  c o m p a r is o n  o f  
f ie ld  a n d  p o t r e s u lts .  T h e  secon d , on 15th A u g u s t, 197 8 ( th e  7 8 th  day- 
a f t e r  p la n t in g ) , w a s  d e s ig n e d  to  d e te r m in e  w h e th e r  e a r ly  o r  la te  t r e a t ­
m e n ts  in f lu e n c e d  t r a c e  m e ta l  c o n te n t.
A t  th e  f i r s t  h a r v e s t  h a l f  th e  s u r v iv in g  b ea n  p la n ts  w e r e  re m o v e d ,  
w ith  r o o ts ,  f r o m  the  s u b -p lo ts  in c lu d e d  in  T r e a tm e n ts  1 a n d  2, ta k in g  
a l t e r n a t e  b ea n s  f r o m  e ac h  ro w . A t  the  seco n d  h a r v e s t  th e  r e m a in in g  
p la n ts  w e r e  ta k e n  f r o m  th e s e  s u b -p lo ts . H a l f  th e  b ea n s  f r o m  s u b -p lo ts  
t r e a t e d  in  T r e a t m e n t  3 and  h a lf  th e  bean s  f r o m  the  t o t a l ly  u n t r e a te d  
s u b -p lo ts  w e r e  a ls o  h a r v e s te d , a g a in  ta k in g  a l te r n a te  b ea n s  f r o m  e a c h  
r o w .
( 8 ) M a t e r i a l  h a n d lin g
A f t e r  h a r v e s t in g ,  p la n ts  w e r e  d iv id e d  in to  a b o v e -g ro u n d  ( S T E M )  
a n d  b e lo w -g r o u n d  (R O O T )  p a r ts .  M a t e r i a l  f r o m  e a c h  s u b -p lo t  w a s  
b u lk e d , th o ro u g h ly  w a s h e d  w ith  d e io n is e d  w a te r  a n d  d r ie d  a t  1 0 0 °C  in  a  
f o r c e d -d r a u g h t  oven. S o m e s te m  m a t e r ia l  r e q u ir e d  36 to  4 8  h o u rs  
b u t, g e n e r a l ly ,  24  h o u rs  s u ff ic e d . D r ie d  m a t e r ia l  w a s  c ru s h e d  in  a  
m o r t a r  a n d  s ie v e d  to  p ass  a 30 m e s h  s ta in le s s  s te e l s ie v e .
M a t e r i a l  f r o m  T r e a t m e n t  2, H a r v e s t  1 s u b -p lo ts  c o u ld  n o t be  
d e a lt  w ith  im m e d ia te ly  upon a r r i v a l  in  the  la b o r a t o r y .  W h e n  f in a l ly  
r e m o v e d  f r o m  s to ra g e  f o r  d ry in g  an d  a n a ly s is , d e c o m p o s it io n  h a d  b eg u n  
an d  th e  m a t e r i a l  h a d  to  be d is c a rd e d .
B e c a u s e  a  la r g e  q u a n tity  o f m a t e r ia l  w a s  c o l le c te d  in  H a r v e s t  
2 , o n ly  th e  m id d le  le a f  an d  p e t io le  o f  e a c h  t r i f o l i a t e  w a s  r e ta in e d ,  a n d  
i t  w a s  fo u n d  s u f f ic ie n t  to  c ru s h  th e  d r ie d  le a f  m a t e r i a l  b y  h a n d  w ith o u t  
r e c o u r s e  to  the  m o r t a r .
(9 )  A n a ly s is
D r ie d  m a t e r ia l  w as  d ig e s te d  a n d  a n a ly s e d  as  d e s c r ib e d  in  
s e c tio n  2 . 2 . 2 .
2 . 2 . 4 . 3 R e s u lts  and  D is c u s s io n
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T h e  r e s u lts  a r e  p re s e n te d  in  T a b le s  2 . 2 . 4 . 2, 2 . 2 . 4 . 3 , 2 . 2 . 4 . 4  
a n d  2 . 2 . 4 . 5
O n e -w a y  a n a ly s is  o f v a r ia n c e  sho w ed  th a t , r e g a r d le s s  o f  t r e a t ­
m e n t  o r  h a r v e s t  d a te , none o f th e  c h e la tin g  a g e n ts  w a s  h a v in g  a 
s ig n i f ic a n t  e f fe c t  u p o n  y ie ld s  o r  upon t r a c e  m e ta l  le v e ls .  A lth o u g h  th e  
fe w  s ig n i f ic a n t  F  s ta t is t ic s  w h ic h  d id  o c c u r  c o u ld  h a v e  b e e n  e x p la in e d  
in  o th e r  w a y s  (s e e  fo o tn o te s  to  th e  ta b le s )  f u r th e r  e x a m in a t io n  b y  
r e g r e s s io n  a n a ly s is  c o n f ir m e d  th e m  as s p u r io u s .
2 . 3 C O N C L U S IO N S
T h e  fo l lo w in g  m a y  be c o n c lu d e d  f r o m  th e  e x p e r im e n ts  d e s c r ib e d
a b o v e :
(1) lo w  le v e ls  (0  -  150 p .g /100 g s o i l)  o f s o i l - a p p l ie d  E D T A ,  
E D D H A  a n d  2 -k e to g lu c o n ic  a c id , h a v e  no s ig n if ic a n t  e f fe c t  u p o n  th e  
y ie ld  o r  t r a c e  m e ta l  c o n te n t o f th e  b e a n  P h a s e o lu s  v u lg a r is  v a r .  
C a n a d ia n  W o n d e r , p o t g ro w n , in  e i th e r  a c id  (p H  4 . 5) o r  l im e d  (p H  7 .1 )  
s o i l ,
(2 )  c o r re s p o n d in g ly  lo w  le v e ls  o f s o i l - a p p l ie d  E D D H A , 2 -  
k e to g lu c o n ic  a c id , c i t r a t e  and  b ic a rb o n a te , in  th e  f ie l d  ( s o i l  p H  
a p p r o x im a te ly  7 . 0 ), h a v e  no s ig n if ic a n t  e f fe c t  u p o n  th e  y ie ld  o r  t r a c e  
m e t a l  c o n te n t o f  th e  s a m e  s p e c ie s .
T able 2. 2. 4. 2 T h e  e ffe c t  o f c h e la tin g  a g e n t t r e a tm e n ts  on s u b s e q u e n t  
y ie ld  and  t r a c e  m e ta l  c o n te n t o f  bean s  g ro w in g  in  th e  
f ie ld  ( T r e a tm e n t  1, H a r v e s t  1) ( C u l t iv a r  -  P h a s e o lu s  
v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  (C h e la t in g  a g e n ts  -  
b ic a rb o n a te , c i t r a t e ,  E D D H A , 2 -k e to g lu c o n ic  a c id )
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T r e a tm e n t  le v e l  (p g / 1 0 0  g s o il)* A N O V A
1 .
0 .  0 1 0 . 0 50. 0 7 5 . 0 1 0 0 . 0 150. 0
B ic a r b o n a te
F e  - i scr* 3 7 0 . 3 4 8 2 . 8 2 7 7 . 6 3 3 6 . 9 316 .1 3 4 0 . 1 S IG .
(m g . k g  ) R 4 3 3 . 0 4 9 0 . 0 3 4 0 . 0 3 4 8 . 0 3 71. 0 9 3 3 . 0 N . S .6
M n S 4 3 . 9 56. 8 2 9 . 8 4 5 . 4 33 . 2 3 6 . 6 N . S.
(m g . k g  ) R *
Z n  . S 73. 8 77 . 8 4 0 . 0 117. 4 4 8 . 7 57 . 0 N .  S.
(m g . k g  ) R 31. 6 4 6 . 2 2 7 . 6 3 5 . 7 18. 9 52 . 8 N . S.
C i t r a t e
F e  - i S 4 2 3 . 6 313. 5 351. 8 315. 8 331. 2 2 9 2 . 5 N . S.
(m g . k g  ) R 618. 0 730 . 0 3 7 0 . 0 2 8 8 . 0 310. 0 4 2 9 . 0 N . S.
M n S 4 8 . 2 35 . 2 3 7 .1 4 0 . 5 30 . 2 3 7 . 2 N . S.
(m g .k g  ) R *
Z n  -1
S 64. 5 51. 5 64. 0 5 7 . 8 5 6 . 8 55. 7 N . S.
(m g .k g  ) R 31. 9 35 . 2 2 7 . 5 3 2 . 7 2 1 . 2 4 6 . 4 N . S.
E D D H A
F e S 3 5 0 . 3 341. 4 4 0 3 .1 3 9 3 . 4 421. 4 371. 5 N . S.
(m g .k g  ) R 4 2 4 . 0 4 8 8 . 0 5 8 5 . 0 4 5 7 . 0 5 9 7 . 0 2 3 4 . 0 N . S.
M n S 33. 7 32 . 3 34 . 6 3 2 . 2 31. 9 32 . 3 N . S.
(m g .kg "" ) R *
Z n S 6 2 .4 57 . 4 55 . 7 4 7 . 3 55. 8 6 5 .4 N . S.
(m g .k g  ) R 21. 3 33 . 3 21. 3 9 3 . 2 2 7 . 0 1 8 .1 N . S.
2 -k e to g lu c o n ic  a c id
F e S 2 8 0 . 0 316. 9 4 0 0 . 4 42 8 . 8 3 4 8 . 0 2 9 5 . 5 N .  S.
(m g .k g  ) R 663 . 0 4 7 2 . 0 3 3 2 . 0 3 7 2 . 0 341. 0 5 0 2 . 0 N .  S.
M n S 33 . 8 3 8 . 7 3 6 . 6 3 9 . 3 31. 8 3 7 .1 N . S.
(m g .k g  ) R * f
Z n  , S 53 . 0 63. 4 58 . 4 5 9 . 6 53. 5 5 9 . 2 S IG .
(m g .k g  ) R 17. 8 2 1 . 6 2 4 . 0 2 5 . 9 53 . 6 11. 7 N . S.
A l l  d a ta  g iv e n  as m e a n  o f 2 r e p l ic a t e s .
A n a ly s is  o f v a r ia n c e  -  s ig n if ic a n c e  o f t r e a tm e n t  e f fe c t  b a s e d  on F  
s ta t is t ic  (5 % ).
R  a n d  S s ig n ify  r o o t  an d  s te m  r e s p e c t iv e ly .
S ig n if ic a n t  a t  the  5% le v e l .  P r o b a b ly  a s p u r io u s  f ig u r e  r e s u lt in g
f r o m  r e p l ic a te s  o f the  50 pg t r e a tm e n t  w h ic h  a r e  lo w  in  c o m p a r is o n  
w ith  th e  o th e rs .
N o t  s ig n if ic a n t .
S ig n i f i c a n t  a t  th e  5% l e v e l .  P r o b a b l y  a  s p u r io u s  f ig u r e  r e s u lt in g  
f r o m  r e p l i c a t e s  o f  th e  10 p g  t r e a t m e n t  w h ic h  a r e  c lo s e  to  o n e  
a n o t h e r  b u t  d is ta n t  f r o m  th e  g r a n d  m e a n .
M a n g a n e s e  c o n c e n t r a t io n s  in  th e  r o o t  w e r e  to o  lo w  to  m e a s u r e  b y  
F la m e  A t o m ic  A b s o r p t io n  S p e c t r o p h o t o m e t r y .
T a b le  2 . 2 . 4 . 3 T h e  e ffe c t  o f c h e la tin g  a g e n t t r e a tm e n ts  on s u b s e q u e n t  
y ie ld  and t r a c e  m e ta l  c o n te n t o f b ea n s  g ro w in g  in  th e  
f ie ld .  (T r e a tm e n t  1, H a r v e s t  2 ) ( C u l t iv a r  -  P h a s e o lu s  
v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  (C h e la t in g  a g e n ts  -  
b ic a rb o n a te , c i t r a t e ,  E D D H A , 2 -k e to g lu c o n ic  a c id )
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ct
T r e a t m e n t  le v e ls  (p g / 1 0 0  g s o i l) A N O V A b
1 . B ic a r b o n a te
0 . 0 1 0 . 0 50. 0 7 5 . 0 1 0 0 . 0 150 . 0
F e s c* 5 3 2 . 0 867 . 0 317. 0 5 4 5 . 0 512. 0 5 9 6 . 0 ~ d N . S.
(m g .k g " ) R 4 8 9 8 . 0 2 1 3 4 .0 2 8 3 0 . 0 3 0 4 6 . 0 3 1 7 9 .0 2  881. 0 N . S.
M n s 4 9 .9 63. 9 4 6 . 7 4 8 . 4 5 0 . 6 55 . 4 N . S.
(m g .k g ) R 9 4 .1 57. 6 6 6 . 0 71. 2 62. 4 62 . 6 N . S.
Z n s 53. 6 51. 3 5 7 .4 4 7 . 0 5 9 .1 51. 4 N . S.
(m g .k g ) R 7 3 .1 50. 8 51. 3 50. 0 5 7 . 2 5 3 . 3 N . S.
2 . C i t r a t e
F e s 4 2 5 . 0 7 2 7 . 0 4 6 0 . 0 471. 0 5 7 0 . 0 5 5 8 . 0 N . S.
(m g .k g ) R 5 0 0 8 . 0 1968 . 0 3 4 2 3 .0 2 3 8 2 . 0 7 0 5 6 . 0 5 5 8 8 . 0 N . S.
M n s 4 6 . 6 55. 8 4 5 . 2 4 9 .9 4 6 . 7 5 5 . 2 N . S.
(m g .k g ) R 72 . 2 4 9 . 2 7 6 . 0 5 2 .1 138. 6 103 . 7 N . S.
Z n s 58 . 5 4 6 . 3 6 6 . 2 4 9 .1 51. 9 5 6 .1 N . S.
(m g .k g ) R 5 5 .1 4 6 . 3 77 . 9 62. 6 80 . 5 7 5 . 3 N . S.
3 . E D D H A
F e s 711. 0 5 7 4 . 0 5 3 4 . 0 4 6 4 . 0 1 0 0 2 . 0 6 2 4 . 0 N . S.
(m g .k g ) R 3121. 0 5931. 0 2 5 9 8 . 0 3 661. 0 2141. 0 6 6 4 4 . 0 N . S.
M n s 51. 4 4 7 . 9 4 4 . 2 4 2 .1 5 2 .1 4 5 .1 N .  S.
(m g .k g ) R 4 9 . 3 117. 6 60. 0 7 6 .1 4 5 . 7 127. 5 N . S.
Z n s 62. 4 5 0 .1 5 6 .1 51. 7 57 . 6 6 5 . 7 N . S.
(m g .k g ) R 4 4 . 0 9 0 . 8 4 9 . 2 41. 4 41. 3 7 2 . 3 N . S.
4 . 2  -k e to g ! u c o n ic a c id
F e S 4 7 0 . 0 3 7 2 . 0 5 7 4 . 0 693 . 0 4 5 8 . 0 9 9 8 . 0 N . S.
(m g .k g ) R 7133. 0 2 3 3 9 . 0 4301. 0 2 8 3 6 . 0 1841. 0 3 3 6 3 .0 N . S.
M n S 4 3 . 8 50. 5 5 8 .4 5 5 .1 4 7 .1 5 9 . 5 N . S.
(m g .k g ) R 131. 5 52. 8 102. 7 59. 4 57 . 7 7 0 . 4 N . S.
Z n S 4 0 . 5 52. 8 5 4 . 5 54 . 6 53 . 2 6 8 . 3 N . S.
(m g .k g ) R 74 . 8 4 8 . 2 60. 6 5 8 .1 181. 3 5 3 . 2 N . S.
a A l l  d a ta g iv e n  as m e a n o f 2 r e p l ic a t e s . --
b A n a ly s is  o f v a r ia n c e  - s ig n if ic a n c e  o f  t r e a tm e n t  e f fe c t  b a s e d  on F
s ta t is t ic  (5 % ).
c R  a n d  S s ig n ify r o o t  and  s te m  r e s p e c t iv e ly .
d N o t  s ig n if ic a n t .
T able 2. 2. 4. 4
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T h e  e f fe c t  o f c h e la tin g  a g e n t t r e a tm e n ts  on s u b s e q u e n t  
y ie ld  and  t r a c e  m e ta l  c o n te n t o f  b e a n s  g ro w in g  in  th e  
f ie ld  (T r e a tm e n t  2 , H a r v e s t  2 ) ( C u l t iv a r  -  P h a s e o lu s  
v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  (C h e la t in g  a g e n ts  -  
b ic a rb o n a te , c i t r a t e ,  E D D H A , 2 -k e to g lu c o n ic  a c id )






B ic a r b o n a te
a__ C
F e  S
0 . 0 
9 6 7 .1
1 0 . 0 
4 3 3 . 0
50. 0 
6 04 . 0
7 5 . 0 
624 . 0
1 0 0 . 0  
7 8 0 . 0
150 . 0 
4 5 6 . 0 N . S.
(m g .k g  ) R 3561. 5 3 2 5 6 . 0 1 7 5 2 .0 2108. 0 7 8 8 3 .0 2 2 4 0 .0 S IG .e
M n S 61. 0 59. 0 57. 4 54. 0 63. 6 5 3 . 6 N . S.
(m g .k g  ) R 87. 8 70 . 5 4 5 . 6 59 . 6 154. 5 4 6 . 2 N .  S.
Z n  - 1  
(m g .k g  )
S 50 . 5 5 8 .1 4 9 .1 56 . 8 60. 7 4 4 . 4 N . S.
R 58 . 3 6 6 . 7 55 . 2 51. 4 7 8 . 6 4 5 .2 N . S.
C i t r a t e
F e  -1
S 9 4 4 . 0 836 . 0 519. 0 6 2 0 . 0 5 4 7 . 0 1 6 3 2 .0 N .  S.
(m g .k g  ) R 5 2 0 3 . 0 2 9 9 5 . 0 2 3 3 7 .0 2 7 7 0 .0 2 4 2 9 .0 3 2 6 5 . 0 N . S.
M n S 70. 5 64. 5 4 8 . 9 61. 4 58 . 3 8 7 . 7 N . S.
(m g .k g  ) R 9 4 . 6 67. 5 54 . 4 73 . 0 69. 7 7 8 . 6 N . S.
Z n  - 1
S 52. 8 54. 5 50. 8 6 6 . 5 5 5 . 0 7 6 . 5 N . S.
(m g .k g  ) R 62. 3 67. 0 5 3 .1 62. 9 5 3 . 9 7 0 . 2 N .  S.
E D D H A
F e S 5 5 5 . 0 4 2 5 . 0 1278 . 0 2 7 8 . 0 5 5 0 . 0 5 7 3 . 0 N .  Sj. 
S IG .
-1
(m g .k g  ) R 2 2 3 8 . 0 3 2 0 9 . 0 2 5 3 7 . 0 60 5 5 . 0 g 5 3 7 4 .0 g 3 3 7 4 .0
M n  ^ S 5 7. 2 4 7 . 9 7 0 . 7 3 9 . 6 57 . 2 4 3 .  4 N . S.
(m g .k g  ) R 51. 3 7 2 .1 5 2 . 8 113. l g 143. 2 g 71. 7 S IG .f
Z n  -1  
(m g .k g  )
S 56 . 9 53. 5 5 5 . 0 53. 7 56 . 9 5 9 . 0 N . S.
R 4 9 . 2 74 . 2 4 8 . 3 63. 4 63. 8 5 9 . 6 N . S.
2 -k e to g lu c o n ic  a c id
F e  - 1  
(m g .k g  )
M n  
(m g .k g  )
Z n  
(m g .k g  )
S 4 2 0 . 0 518. 0 1191. 0 4 6 8 . 0 6 2 5 . 0 7 3 7 . 0 N . S.
R 3441. 0 3 4 0 8 . 0 2191. 0 3 4 0 5 .0 5 6 0 8 . 0 2 0 0 0 . 0 N . S.
S 54 . 8 4 7 . 7 7 8 . 2 4 5 . 6 58 . 7 5 4 . 3 N . S .
R 81. 8 59. 7 5 5 . 0 81. 3 114. 2 5 0 . 7 N . S.
S 4 9 .9 57. 8 7 4 . 2 5 0 .1 87 . 5 6 0 . 3 N . S.
R 5 7 .2 57. 7 4 8 . 3 53 . 4 84 . 2 4 8 . 3 N .  S.
A l l  d a ta  g iv e n  as m e a n  of 2 r e p l ic a te s .
A n a ly s is  o f v a r ia n c e  -  s ig n if ic a n c e  o f  t r e a tm e n t  e f fe c t  b a s e d  on F
s ta t is t ic  (5% ).
R  a n d  S s ig n ify  r o o t  and s te m  r e s p e c t iv e ly .
N o t  s ig n if ic a n t
S ig n if ic a n t  a t th e  5% le v e l .  P r o b a b ly  a s p u r io u s  f ig u r e  r e s u lt in g  f r o m  
r e p l ic a te s  o f th e  1 0 0  |j.g t r e a tm e n t  w h ic h  a r e  c lo s e  to  e a c h  o th e r  b u t
d is ta n t  f r o m  th e  g ra n d  m e a n .
S ig n if ic a n t  a t the  5% le v e l .  P r o b a b ly  c a u s e d  b y  th e  a b n o r m a l ly  h ig h  
v a lu e s  fo r  the  75 an d  100 |xg t r e a tm e n ts .
B a s e d  on a s in g le  r e p l ic a te .
T able 2. 2. 4. 5
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T h e  e f fe c t  o f c h e la t in g  a g e n t t r e a tm e n ts  on s u b s e q u e n t  
y ie ld  a n d  t r a c e  m e ta l  c o n te n t o f  b e a n s  g ro w in g  in  th e  
f ie ld  (T r e a tm e n t  3, H a r v e s t  2 ) ( C u l t iv a r  -  P h a s e o lu s  
v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  (C h e la t in g  a g e n ts  -  
b ic a rb o n a te , c i t r a t e ,  E D D H A , 2 -k e to g lu c o n ic  a c id )
cl
T r e a tm e n t  le v e l  (|j.g / 1 0 0  g s o i l )
•L
A N O V A
0 . 0 1 0 . 0 50 . 0 7 5 . 0 1 0 0 . 0 150 . 0
1. B ic a r b o n a te j
F e s"p 421. 0 812. 0 661. 0 5 0 5 . 0 4 2 3 . 0 5 32 . 0 dN . S.
(m g .k g ) R 4115. 0 3 5 5 7 . 0 2 5 8 9 . 0 1 5 3 4 .0 4 9 0 2 . 0 3177. 0 N . S.
M n s 4 2 . 5 50. 2 60. 0 4 0 .4 51. 0 4 2 . 6 N . S.
(m g . k g ) R 103. 4 77 . 3 5 6 .1 53 . 4 105. 3 6 7 .4 N .  S.
Z n s 4 8 . 4 64. 3 4 4 . 6 55 . 6 54 . 3 3 8 .4 N . S.
( m g .k g ’' ) R 93 . 9 61. 5 4 9 . 0 5 0 .1 55 . 6 5 2 . 3 N . S.
2 . C i t r a t e
F e s 721. 0 680 . 0 3 5 5 . 0 3 5 5 . 0 7 0 9 . 0 451. 0 N .  S.
(m g .k g ) R 4931. 0 5 4 4 3 .0 2 4 3 5 .0 3 3 7 4 .0 3 0 6 2 . 0 4 2 6 4 .0 N . S.
M n s 6 7 .4 4 5 . 3 3 4 .1 41. 5 3 9 . 8 41. 4 N . S.
(m g .k g ) R 80. 3 108. 3 4 9 . 3 87. 9 60. 3 9 5 . 6 N . S.
Z n s 4 2 . 5 4 5 . 4 52 . 8 4 5 . 9 53. 7 7 3 . 0 N . S.
(m g .k g ) R 4 9 . 0 2 9 6 . 0 41. 0 55 . 0 51. 0 5 3 . 0 N . S.
3 . E D D H A
F e s 5 9 4 . 0 596. 0 889 . 0 8 8 8 . 0 4 4 7 . 0 3 2 9 . 0 N . S.
(m g .k g ) R 2 1 7 4 .0 2 1 7 7 .0 3 5 4 4 .0 2315. 0 3 811. 0 3 7 7 7 .0 N . S.
M n s 56. 0 60. 9 4 8 . 9 51. 8 4 8 . 6 4 3 . 0 N . S.
(m g .k g ) R 4 3 . 2 53. 8 81. 7 5 5 . 6 71. 3 81. 2 N . S.
Z n s 50 . 5 56. 2 4 7 . 2 5 0 .1 4 8 . 6 3 6 . 7 N . S.
(m g .k g ) R 121 . 9 67. 2 71. 5 4 9 . 6 5 6 .9 60 . 8 N . S.
4 . 2 -k e to g u c o n ic  a c id
F e S 461. 0 7 4 7 . 0 1173. 0 841. 0 4 9 5 . 0 1 2 8 5 .0 N . S.
(m g .k g ) R 4 0 5 8 . 0 2016. 0 2919. 0 2 1 7 9 .0 9 8 2 3 . 0 6541. 0 N .  S.
M n S 53. 0 4 6 . 6 5 7 . 2 4 9 .1 5 4 . 3 6 9 .4 N . S.
(m g .k g ) R 8 6 . 3 4 3 . 7 65. 7 4 9 .1 216. 5 1 2 2 . 8 N . S.
Z n S 55. 0 4 5 .4 4 0 . 7 63. 9 4 2 .9 6 8 .9 N .  S.
(m g .k g ) R 6 1 .4 3 5 . 8 5 9 . 2 5 9 . 3 9 0 . 5 88. 0 N . S .
a A l l  d a ta g iv e n  as m e a n o f 2 r e p l ic a te s .
b A n a ly s is  o f v a r ia n c e  - s ig n if ic a n c e  o f  t r e a tm e n t  e f fe c t  b a s e d  on F
s ta t is t ic  (5% ).
c R  a n d  S s ig n ify r o o t  an d  s te m  r e s p e c t iv e ly .
d N o t  s ig n if ic a n t .
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C H A P T E R  3 
S U B S E Q U E N T  P O T  E X P E R IM E N T S
3 .1  IN T R O D U C T IO N
P r e v io u s  e x p e r im e n ts  (s e e  C h a p te r  2 ) show  th a t  th e  a p p lic a t io n  
o f  lo w  le v e ls  o f  c h e la tin g  a g e n t ( t r a c e  m e ta l  f r e e )  h as  no s ig n if ic a n t  
e f fe c t  u p o n  y ie ld  an d  t r a c e  m e ta l  ( i r o n ,  m a n g a n e s e  a n d  z in c )  c o n te n t o f  
th e  b e a n  P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r . T h is  s u g g e s ts  
th a t ,  e i th e r  c h e la t in g  a g e n ts  a lo n e , a r e  u n a b le  to  a f fe c t  g ro w th  an d  
t r a c e  m e t a l  c o n te n t, or, th a t th e  a p p lic a tio n s  r a te s  (0  -  150 pg  c h e la t in g  
a g e n t / 1 0 0  g s o i l )  h a v e  b ee n  too  lo w .
T w o  s e r ie s  o f po t e x p e r im e n ts  a r e  c o n s id e r e d  in  th is  c h a p te r .
T h e  f i r s t  w a s  d e s ig n e d  to  a n s w e r  the  q u e s tio n , w i l l  h ig h e r  le v e ls  (u p
to  1 0 0 0  p g / 1 0 0  g s o i l)  o f c h e la tin g  a g e n t s ig n i f ic a n t ly  a f fe c t  t r a c e  m e ta l
le v e ls  a n d  y ie ld s .  T h e  seco n d  w a s  in c lu d e d  to  a l lo w  c o m p a r is o n  to  be  
m a d e  o f th e  r e la t iv e  e ffe c tiv e n e s s  o f m e ta l  c h e la te  a n d  c h e la t in g  a g e n t  
t r e a tm e n t s .
3 . 2 E X P E R I M E N T A L
3 . 2 . 1  P O T  E X P E R IM E N T S  IN V O L V IN G  A P P L I C A T IO N  O F  H IG H E R  
L E V E L S  O F  C H E L A T IN G  A G E N T  T O  A N  A C ID  S O IL
3 . 2 .1 .  1 M a t e r ia ls  a n d  M e th o d s
(1) S o il
T h e  s o i l  w a s  th a t  d e s c r ib e d  an d  c h a r a c t e r iz e d  in  C h a p te r  2 , 
s e c t io n  2 . 2 . 1.
(2 )  T r e a t m e n t s
T h e  c h e la t in g  ag e n ts  u s e d  w e r e  c i t r a t e  (a s  th e  s o d iu m  s a lt ) ,  
E D T A  (a s  th e  d i-s o d iu m  s a lt )  and  2 -k e to g lu c o n ic  a c id .
T r e a t m e n t  s o lu t io n s  c o n ta in in g  5. 0 (2 5 0 . 0 ), 10. 0 (5 0 0 . 0 ), 15. 0 
(7 5 0 . 0 ) a n d  2 0 . 0 (1 0 0 0 . 0 ) p p m  c h e la t in g  a g e n t  w e r e  m a d e  u p  in  d e io n is e d
w a t e r .  T h e  f ig u r e s  in  p a re n th e s is  r e f e r  to  th e  to ta l  q u a n t ity  ( e x p r e s s e d  
a s  n g /1 0 0  g s o i l )  o f  c h e la tin g  a g e n t s u p p lie d  in  e a c h  t r e a tm e n t .  A  
d e io n is e d  w a te r  c o n tr o l w as  a ls o  in c lu d e d  in  the e x p e r im e n t .
(3 )  M e th o d
T h e  m e th o d  is  d e s c r ib e d  in  C h a p te r  2 , s e c tio n  2. 2 . 2 .
(4 )  A n a ly t ic a l  te c h n iq u e
F o r  th e  a n a ly t ic a l  m e th o d , th e  p r e c is io n  a n d  e r r o r s  a s s o c ia te d  
w ith  i t ,  see  C h a p te r  2 , s e c tio n  2 . 2 . 2.
3 . 2 .1 .  2 R e s u lts  and  D is c u s s io n
T h e  r e s u lts  a r e  p re s e n te d  in  T a b le s  3 . 2 . 1. 1, 3 . 2 .1 .  2 a n d
3. 2 .1 .  3.
O n e -w a y  a n a ly s is  o f v a r ia n c e ,  u s in g  th e s e  d a ta , s h o w e d  c i t r a t e ,  
E D T A  a n d  2 -k e to g lu c o n ic  a c id  to h ave  l i t t l e  s ig n if ic a n t  e f fe c t  on y ie ld  
o r  u p o n  t r a c e  m e t a l  le v e ls .  In  d is c u s s in g  the  fe w  s ig n i f ic a n t  e f fe c ts  
( f iv e  in  a l l ) ,  r e fe r e n c e  is  m a d e  to  th e  t r e n d  d ia g r a m s  a p p e a r in g  in  
F ig u r e  3 . 2 .1 .1 .  (T h e  d ia g r a m s  a r e  c o n s id e re d  in  g r e a t e r  d e t a i l  l a t e r  
in  th e  c h a p te r ) .
R o o t  m a n g a n e s e  le v e ls  d e c re a s e d  s l ig h t ly  as  th e  le v e l  o f c i t r a t e  
a p p lie d  in c r e a s e d . P o s s ib ly , c o m p e t it io n  b e tw e e n  c h e la t in g  a g e n t a n d  
r o o t  in h ib its  m a n g a n e s e  a b s o rp tio n . B o th  c i t r a t e  a n d  2 -k e to g lu c o n ic  
a c id  a p p e a r e d  to  in c r e a s e  s te m  z in c  le v e ls .  In  b o th  c a s e s , h o w e v e r ,  
th e  e f fe c t  w a s  s m a l l ,  b e in g  o n ly  ju s t  s ig n if ic a n t  a t  th e  5% le v e l .  T h e  - 
t r e n d  d ia g r a m  ( F ig u r e  3. 2 . 1. 1) f o r  E D T A  in d ic a te s  th a t  th is  c h e la t in g  
a g e n t a ls o  te n d e d  to  in c re a s e  z in c  in  the  s te m , b u t n o t s ig n i f ic a n t ly .
T h e  e f fe c t  o f 2 -k e to g lu c o n ic  a c id  in  d e c re a s in g  r o o t  z in c  le v e ls  
w a s  s m a l l  a n d  o n ly  ju s t  s ig n if ic a n t  a t  th e  5% le v e l .  R o o t -c h e la t in g  
a g e n t c o m p e t it io n  m a y , once a g a in , be th e  c a u s e . In t e r e s t in g ly ,  t r e n d  
d ia g r a m s  ( F ig u r e  3. 2 .1 . 1) im p ly  th a t E D T A  a ls o  d e p re s s e d  z in c  le v e ls  
in  th e  r o o t  (a lth o u g h  the t re n d  is  not s ta t is t ic a l ly  s ig n i f ic a n t ) ,  w h ile  
th e  o p p o s ite  is  t r u e  o f c i t r a t e .
T able 3. 2. 1. 1 T h e  e ffe c t  o f c i t r a te  t r e a tm e n ts  on th e  s u b s e q u e n t y ie ld  
a n d  t r a c e  m e ta l  c o n te n t o f b ean s  g ro w in g  on a c id  s o i l  
( C u l t iv a r  -  P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  
(A p p lic a t io n  le v e l  0  -  1 0 0 0  p g / 1 0 0  g s o i l)
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T r e a tm e n t  le v e l  (p.g/ 1 0 0  g s o il) A N O V A
Y ie ld
(g )
F e  - i  
(m g -k g  )
M n - L
(m g . k g  )
Z n
- 1,
(m g . k g  )
0. 0 250. 0 500. 0 750.  0 1 0 0 0 . 0
s c 0. 2330 d 0 .3 3 5 5 0 . 2 5 3 9 0. 2276 0. 2631 SIG.C
c (0. 0033)' (0 .0124) (0. 0204) ( 0 . 0 2 9 0 ) ( 0 . 0 2 4 2 ) f
R 0. 0971 0. 0846 0. 0898 0 . 0 7 8 0 0. 0876 N .  S.
(0.  0027) (0 .0190 ) (0.  0144) (0.  0088) (0.  0075)
S 117. 0 500. 0 421. 0 81. 0 4 4 3 .  0 SIG.g
(10. 7) ( 5 9 . 0 ) (13 6. 0) ( 6 . 5 ) (49 .  5)
R 328. 2 587. 0 371. 0 369.  0 512. 0 N .  S.
(42.  5) (98.  0) (116. 5) (180. 0) (150. 5)
S 392. 6 305. 8 350. 0 364.  2 372.  7 N . S.
(15. 8) (40.  6) (36 .  7) ( 3 0 . 7) ( 6 1 .7 ) h
R 352.  0 282. 3 2 60. 9 287 .1 263.  6 SIG.
(11. 2) (3 6 .1 ) (16. 2) (14. 7) (15. 6)
S 137. 0 289. 2 254 .1 354 .1 2 7 5 .1
h
SIG.
( 8 . 7 ) (64.  6) (66.  5) ( 2 0 . 4 ) (31. 8)
R 705.  2 726. 4 716.1 775.  6 754.  0 N . S.
(38.  8) (29. 7) ( 5 2 . 7 ) ( 7 . 9 ) (49 .  8)
a A l l  d a ta  g iv e n  as m e a n  o f 4 r e p l ic a te s .
b  A n a ly s is  o f v a r ia n c e  -  s ig n if ic a n c e  o f t r e a tm e n t  e f fe c t  b a s e d  on F  
s ta t is t ic  (5 % ).
c R  a n d  S s ig n ify  ro o t  and  s te m  r e s p e c t iv e ly .
d S ta n d a rd  e r r o r  on m e a n .
e S ig n if ic a n t  a t  th e  5% le v e l .  P r o b a b ly  c a u s e d  b y  r e p l ic a t e s  o f th e
2 5 0 . 0  ^g t r e a tm e n t  w h ic h  a r e  c lo s e  to  one a n o th e r  b u t a r e  d is ta n t  
f r o m  th e  g ra n d  m e a n .
f  N o t  s ig n if ic a n t .
g S ig n if ic a n t  a t  th e  1% le v e l .  P r o b a b ly  c a u s e d  b y  r e p l ic a t e s  o f th e
7 5 0 . 0  (j.g t r e a tm e n t  w h ic h  a r e  c lo s e  to  one a n o th e r  b u t a r e  d is ta n t  
f r o m  th e  g ra n d  m e a n .
h  S ig n if ic a n t  a t  th e  5% le v e l .
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T able 3. 2 .1 . 2 T h e  e ffe c t  of E D T A  t r e a tm e n ts  on th e  s u b s e q u e n t  
y ie ld  and  t r a c e  m e ta l  c o n ten t o f b ea n s  g ro w in g  on  
a c id  s o il (C u l t iv a r  -  P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  
W o n d e r )  (A p p lic a t io n  le v e l  0  -  1 0 0 0  p g / 1 0 0  g s o i l )
Y i e ld
(g )
F e  - 1  
(m g .k g  )
M n
- h(m g .k g  )
Z n
- 1 ,(m g .k g  )
T r e a tm e n t  le v e l  (p g / 1 0 0  g s o i l) A  N O V A
0. 0 250. 0 500. 0 750.  0 1 0 0 0 . 0
s c 0. 2330 0 .2 2 2 6 0. 2298 0 . 2 2 5 2 0 .1 8 6 9 N . S.
C (0.  0033)* (0. 0177) (0. 0217) ( 0 . 0 2 3 4 ) (0.  0217)
R 0. 0971 0.1028 0. 1041 0.1110 0.1015 N . S.
(0.  0027) ( 0 . 0 0 6 3 ) (0.  0081) (0.  0102) (0.  0104)
S 117. 0 107. 0 99. 6 140. 0 219. 7 SIG.f
(10. 7) (10 .4 ) (13. 8) (37 .1 ) (43 .  0)
R 328.  2 335.1 309.  8 44 6 .1 405 .  2 N . S.
(42.  5) (28.1) (23 .1 ) ( 4 0 . 2 ) ( 5 7 . 3 )
S 392.  6 446.  8 489.  0 402 .  6 44 9 .  9 N . S.
(15. 8) (44.  8) ( 4 5 . 7 ) (60. 8) (3 3 .  7 )
R 352.  0 339.  3 346. 0 32 6. 4 3 9 0 .1 N . S.
(11. 2) (8. 8) (18. 5) ( 1 3 .0 ) (21.1)
S 137. 0 281. 0 240.  0 253.  0 213. 0 N . S.
(8. 7) (82.  0) (47 .  5) (49.  5) ( 4 7 . 0 )
R 705.  2 548. 5 539.  7 593. 2 606.  8 N . S.
(38.  8) ( 4 4 .0 ) ( 3 9 . 9 ) (31.1) (4 4 .  5)
a A l l  d a ta  g iv e n  as m e a n  o f  4 r e p l ic a te s .
b  A n a ly s is  o f v a r ia n c e  -  s ig n if ic a n c e  o f t r e a tm e n t  e f fe c t  b a s e d  on F
s t a t is t ic  (5 % ).
c R  a n d  S s ig n ify  r o o t  an d  s te m  r e s p e c t iv e ly .
d S ta n d a rd  e r r o r  on m e a n .
e - N o t  s ig n if ic a n t .
f  S ig n if ic a n t  a t  th e  5% le v e l .
T able 3. 2 .1 . 3
66
T h e  e ffe c t  o f 2 -k e to g lu c o n ic  a c id  on th e  s u b s e q u e n t  
y ie ld  and  t r a c e  m e ta l  c o n ten t o f b ean s  g ro w in g  on  
a c id  s o il ( C u l t iv a r  -  P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  




(m g .k g  )
M n




(m g .k g  )
T r e a tm e n t  le v e l  (jj.g / 1 0 0  g s o il)* A N O V A
0 . 0 250. 0 500. 0 750.  0 1000. 0
s c 0 . 2 3 3 0 0.2571 0. 2166 0 .2451 0. 2827
e
N . S.
c (0. 0033)' (0. 019 6) (0. 0223) (0 .0 1 0 2 ) (0.  0287 )
R 0 .0971 0 .0 9 2 0 0. 0878 0.1089 0.1125 N . S.
( 0 . 0 0 2 7 ) (0.  0075) (0.  0086) (0.  0116) ( 0 . 0 0 7 0 )
S 117. 0 126. 2 115. 2 107. 3 117. 5 N . S.
(10. 7) (12 .4 ) (23.  6) (1 6 .4 ) (5.  2)
R 328.  2 240.  2 2 4 7 . 4 341. 0 2 5 9 . 4 N . S.
(42 .  5) ( 7 . 0 ) (34.  7) ( 4 2 . 3 ) (48 .  5)
S 392.  6 457.  5 489.  2 461. 4 4 7 4 . 1 N . S.
(15. 8) (43.1) (33 .  5) ( 5 5 . 0 ) (21. 2)
R 352.  0 355.  7 360.  6 3 97 .1 324 .  0 N . S.
(11. 2) ( 3 2 . 0) (29 .1 ) ( 5 3 . 3 ) ( 22 .  2)
S 137. 0 207.  7 271. 5 227 .  6 219. 8 SIG.
(8. 7) (3 9 . 2) (31.1) (21.1) (17.1 ) f
R 705.  2 594.1 551. 6 593.  0 560.  9 SIG.
(38.  8) ( 4 8 . 2 ) (28 .1 ) (10. 8) ( 2 4 .1 )
a A l l  d a ta  g iv e n  as m e a n  o f 4 r e p l ic a te s .
b  A n a ly s is  o f v a r ia n c e  -  s ig n if ic a n c e  o f t r e a tm e n t  e f fe c t  b a s e d  on  F
s ta t is t ic  (5% ).
c R  a n d  S s ig n ify  ro o t  and  s te m  r e s p e c t iv e ly .
d S t a n d a r d  e r r o r  on m e a n .
e N o t  s ig n if ic a n t .
f  ' S ig n if ic a n t  a t  th e  5. 0% le v e l .
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In c r e a s in g  th e  le v e l  o f E D T A  r e s u lte d  in  a s ig n i f ic a n t  in c r e a s e  
in  s te m  i r o n  le v e l  w ith o u t, h o w e v e r , a  m a r k e d  in c r e a s e  in  t o t a l  i r o n  
in  th e  p la n t  a n d  i t  w o u ld  a p p e a r  th a t m e ta l  t r a n s p o r t  w ith in  th e  p la n t  is  
e n h a n c e d  by th e  c h e la tin g  a g e n t. W h ile  th e  t r e n d  d ia g r a m  ( F i g u r e
3 . 2 .1 .  1) show s s o m e  in c r e a s e  in  i r o n  in  th e  ro o t  w ith  in c r e a s in g  le v e ls  
o f E D T A  th e r e  a p p e a rs  to  be no s ta t is t ic a l  c o r r e la t io n .
A  c o r r e la t io n  m a t r i x  f o r  e a c h  o f  th e  c h e la tin g  a g e n ts  is  in c lu d e d  
in  T a b le  3 . 2 .1 . 4 . T h o s e  c o r r e la t io n s ,  s ig n if ic a n t  a t  th e  5% le v e l ,  a r e  
l i s t e d  (a lo n g  w ith  th e  s ig n  o f th e  c o r r e la t io n  c o e f f ic ie n t )  in  T a b le  3 . 2 .1 .  5 .
C o r r e la t io n s  w ith  c i t r a t e  a r e  c o n s id e r e d  f i r s t .  T h e  n e g a t iv e  
r e la t io n s h ip  b e tw e e n  c i t r a t e  le v e l  a n d  m a n g a n e s e  in  th e  r o o t  r e - i n f o r c e s  
th e  s u g g e s tio n  th a t  c i t r a t e  in h ib its  m a n g a n e s e  a b s o rp t io n  b y  th e  r o o t  
(s e e  p a g e 6 3 ). I t  m ig h t  be in f e r r e d  f r o m  th e  p o s it iv e  r e la t io n s h ip  
o b s e r v e d  b e tw e e n  z in c  in  th e  s te m  and  th e  le v e l  o f c i t r a t e  th a t  c i t r a t e  
f a c i l i t a t e s  t r a n s lo c a t io n  o f z in c  w ith in  th e  p la n t .
C o r r e la t io n s  w ith  E D T A  a r e  c o n s id e r e d  n e x t . T h e  c o r r e la t io n  
b e tw e e n  E D T A  a n d  s te m  i r o n  w a s  d is c u s s e d  e a r l i e r  (s e e  p a g e  67). T h e  
h ig h ly  s ig n if ic a n t  c o r r e la t io n  b e tw e e n  r o o t  a n d  s te m  y ie ld  m a y  be  
e x p la in e d  thu s ; as  th e  r o o t  s y s te m  e x te n d s  in to  a l a r g e r  v o lu m e  o f  
s o i l  a  l a r g e r  q u a n t ity  o f n u tr ie n t  b e c o m e s  a v a i la b le .  In c r e a s e d  n u t r ie n t  
u p ta k e  m a y  in c r e a s e  v e g e ta t iv e  g ro w th  a n d  in c r e a s e  s te m  y ie ld s .  A  
s i m i l a r  e f f e c t  w a s  o b s e rv e d  w ith  2 -k e to g lu c o n ic  a c id  b u t n o t w ith  
c i t r a t e .
T h e  s im p le s t  e x p la n a tio n  fo r  th e  c o r r e la t io n  b e tw e e n  i r o n  in  s te m  
a n d  in  r o o t  is  th a t  a c o n s ta n t p r o p o r t io n  o f i r o n  is  t r a n s p o r te d  f r o m  r o o t  
to  s te m . T h e r e f o r e ,  as the  q u a n tity  o f ro o t  i r o n  in c r e a s e s  ( o r  d e c r e a s e s )  
so d oes  th e  s te m  i r o n  c o n te n t.
G e n e r a l ly ,  in  p la n ts , th e  r e la t io n s h ip  b e tw e e n  i r o n  a n d  m a n g a n e s e  
is  one of a n ta g o n is m  (M o ra g h a n  and  F r e e m a n ,  1978; M o r a g h a n , 1 9 8 0 ). 
T h e  d i r e c t  c o r r e la t io n  b e tw e e n  s te m  i r o n  and  r o o t  m a n g a n e s e  is ,  t h e r e ­
f o r e ,  s o m e w h a t u n e x p e c te d  b u t m a y  r e s u l t  f r o m  a  r e d u c t io n  in  a n ta g o n is m  
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F in a l l y ,  th e  c o r r e la t io n s  o b ta in e d  w ith  2 -k e to g lu c o n ic  a c id  a r e  
c o n s id e r e d . T h e  e f fe c t  o f th e  c h e la tin g  a g e n t on r o o t  z in c  w a s  m e n t io n e d  
on p ag e  63. A g a in , th e  r e la t io n s h ip  b e tw e e n  r o o t  a n d  s te m  y ie ld  m ig h t  
b e  e x p la in e d  as f o r  E D T A  (s e e  page 67). I t  is  in te r e s t in g  th a t  p o s it iv e  
r e la t io n s h ip s  s h o u ld  o c c u r  b e tw e e n  m a n g a n e s e  a n d  z in c  in  th e  s te m  a n d  
b e tw e e n  i r o n  a n d  z in c  in  th e  ro o t  b e c a u s e  o th e r  w o r k e r s  h a v e  o b s e rv e d  
b o th  m a n g a n e s e  a n d  i r o n  to  h av e  in h ib i to r y  e ffe c ts  u p o n  z in c  a b s o r p t io n
(R e d d y  e t  a l . , 1978; H a w f  and  S c h m id , 19 67). R e d d y  a n d  h is  a s s o c ia te s ,
. . .  . 6 5
n o tin g  a r e d u c t io n  m  r o o t  a b s o rp t io n  o f Z n  as n u t r ie n t  i r o n  w a s
in c r e a s e d ,  a t t r ib u te d  th is  to  c o m p e t it io n  fo r  a b s o r p t io n  s ite s  in  D o n n a n -
f r e e - s p a c e .  T h e y  s u g g e s te d  th a t  " m a n g a n e s e  in t e r f e r e s  w ith  a b s o r p t io n
o f  z in c ,  p e rh a p s  b y  c o m p e tin g  fo r  th e  s a m e  a b s o r p t io n  s ite s  as  w e l l  as
f o r  t r a n s lo c a t io n  in v o lv in g  p h y s io lo g ic a l in h ib it io n  o f t r a n s p o r t  f r o m
ro o ts  to  s h o o ts . " H a w f  a n d  S c h m id , on th e  o th e r  h a n d , c o n c lu d e d  f r o m
e x p e r im e n ts  on b u sh  b ean s  in  w h ic h  d i f fe r e n t  io n s  w e r e  a d d e d  to  n u t r ie n t
65
s o lu t io n s  c o n ta in in g  Z n  th a t , r a t h e r  th a n  b y  c o m p e tin g  w ith  t r a n s -
65
lo c a t io n  m e c h a n is m s , th e  a d d e d  io n s  ( in c lu d in g  m a n g a n e s e )  in h ib i t  Z n
m o v e m e n t  to  top s  b y  im m o b i l iz in g  i t  in  th e  r o o ts .  In  a d d it io n , th e y  
65
n o te d  th a t  Z n  u p ta k e  w a s  in h ib ite d  o n ly  a t  h ig h  m a n g a n e s e  c o n c e n tr a t io n s .
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M a n g a n e s e , h o w e v e r , d id  no t a l t e r  th e  in t e r n a l  d is t r ib u t io n  o f Z n .
P o s i t iv e  c o r r e la t io n s  b e tw e e n  m a n g a n e s e  r o o t  a n d  s te m  le v e ls  
a r e  e x p l ic a b le  in  m u c h  the  s a m e  m a n n e r  as  th e  r e la t io n s h ip  b e tw e e n  
s te m  a n d  r o o t  i r o n  fo l lo w in g  a p p lic a t io n  o f E D T A  (s e e  p age 67).
A s  s ta te d  e a r l i e r ,  o n e -w a y  a n a ly s is  o f v a r ia n c e  in d ic a te d  c i t r a t e ,  
E D T A  a n d  2 -k e to g lu c o n ic  a c id  to  h a v e  fe w  s ig n if ic a n t  e f fe c ts  on y ie ld  
o r  u p o n  t r a c e  m e ta l  le v e ls .  H o w e v e r , s o m e  t re n d s  w e r e  o b s e r v e d  
w h e n  g ra p h s  w e r e  c o n s tru c te d  o f c h e la t in g  a g e n t le v e l  a g a in s t  t r a c e  
m e t a l  c o n te n t /y ie ld .  T h e s e  a r e  i l lu s t r a t e d  i n ’th e  t r e n d  d ia g r a m s  in  
F ig u r e  3 . 2. 1. 1. A lth o u g h  no t s ta t is t ic a l ly  s ig n if ic a n t ,  f u r t h e r  r e s e a r c h  
c o u ld  be f r u i t f u l .
In c r e a s in g  le v e ls  o f c i t r a t e  a p p e a r  to  s l ig h t ly  in c r e a s e  i r o n  a n d  
z in c  in  th e  s te m  a n d  z in c  in  th e  r o o t  w h ile  s l ig h t ly  d e c r e a s in g  r o o t  
m a n g a n e s e  le v e ls .  In c r e a s e d  le v e ls  o f r o o t  z in c  in f e r  th a t  c i t r a t e
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F ig u r e  3 . 2 .1 .  1 T R E N D  D IA G R A M  -  th e  e ffe c ts  o f f iv e  a p p lic a t io n
le v e ls  o f th r e e  c h e la tin g  a g e n ts  on t r a c e  m e ta l  
c o n te n t and  y ie ld .  T r e a tm e n t  m e a n s  w ith  p o o le d  
s ta n d a rd  d e v ia t io n  f r o m  o n e -w a y  a n a ly s is  o f v a r ia n c e
A . C IT R A T E
1. Y I E L D  .(S T E M )
L E V E L *
(H -g/lO O g)  -----------------------------------------------------   ■»., , ,
0 0  |----------------- ,--------------------- 1
2 500  1 1  I______  t
5 0 0 0  |______ , rj  1
7 5 0 0 -------- 1---------------------- |
1,0 0 0 - 0  |    |
0.160 0200 0240 a  280 0.320 0360 0 A O 0
D R Y  M A T T E R  Y IE L D  (g )
2 . Y I E L D  (R O O T )
L E V E L *
(p g /lO O g ) + --------------- •+--------- — —►— — —
o-o------------ I--------- — ------------- 1
250-0------- 1-------- ------ —t-r?  A
500-0 I------------------ '— --------------1
750-0 I ----------.------ ----------- 1
1 ,0 0 0 - 0  |-----------------------------------— ;-----------------— 1
0.050 0055 0.080 0.095 0.110 0.125 0.140
D R Y  M A T T E R  Y I E L D  (g )
F ig u r e  3. 2 .1 .1 continued
A . C IT R A T E
3 . IR O N  ( S T E M ) ^
L E V E L *
(tx g /1 0 0 g)
0 - 0
250-0 h
5 0 0 0  . I
7500
1 , 0 0  0 0  1 < 1
- 1 0 0 -  5 0 .  2 0 0 .  3 5 0 .  5 0 0  6 5 6 '  8 0 &
M E T A L  C O N T E N T  ( m g .k g -1 )
4 . IR O N  (R O O T )
L E V E L *
( f i g / 1 0 0 g) + —— —— h —--------- — -I--- —— 1 —1—   .I i |.
0 - 0  1  ? ---------- —  1
2 5 0 - 0  1---------------------------------- ^ --------------------------- ■{
5 0 0 - 0 --------- \-------------------------— '--------------------------------- 1
7 5 0 - 0 --------- 1---------------------  — ----- — -------- :— I
1,0 0 0 - 0  I---------------------------- — <------------ — --------------1
5 0 t  2 0 5 .  3 5 0 .  5 0 0  6 5 0  8 0 ) .  9 s 5
METAL CONTENT (m g .k g " 1)
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F ig u r e  3. 2 .1 .1  continued
A . C IT R A T E
5. M A N G A N E S E  (S T E M )
\
L E V E L *
(jJ-g/lOOg) + ---------------- 1------—------ r —   — + --------------------* — 1--------
o - o --------------------------------------- I---------------— -------------------------\
2500 j------------— 1------------ !
50 0-0 1-------------- —------------1
7500------------------- |---------------.---------------1
1 , 0 0 0 0  I------------ -------------.--------------------------- 1
180. 240~ 300. 360. 42(1 480 540.
M E T A L  C O N T E N T  ( m g .k g  )
6 . M A N G A N E S E  (R O O T )
L E V E L *
( H g / 1 0 0 g) + 
0 0
2 5 0 0  \
500.0------------ I------
750 0
1 , 0 0 0 0  y  
+  "
200. 240. 280. 320. 360. 400. 440.
M ET AL CONTENT ( m g . k g 1)
F ig u r e  3. 2 .1 .1  continued
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A . C IT R A T E
7 . Z l f t C  (S T E M )
L E V E L *
( n g / 1 0 0 g) . -------------_ ------- , — — 4 ___________ + ________
0.0 | _  1
250-0 1 u — l  h - |
500.0 I— ?■.............   ■ -4
750 0 | - ... ,  -1
1 , 0 0 0  0  | |
0. 90. 180. 270 "360. 450. 540.
M E T A L  C O N T E N T  ( m g .k g  )
8 . Z IN C  (R O O T )
L E V E L *
W i o o g )  + --------- ----
0 0  j--------
250.0 [
5 0 0 0  h
750-0 
1,00 0 0 F
600. 650. 700. 750. 800. 850. 900.
M E T A L  C O N T E N T  ( m g .k g  1)
F ig u r e  3. 2 .1 .1 continued
B . E D T A
1. Y I E L D  (S T E M )
L E V E L *
( ix g /1 0 0 g) + — -------- — ------
250-0----------------------- |----------------------    1 '
5 0 0 0  f--------------.----------— 4
750-0 I-------------^ f
1,0 0 0 - 0  |   — \
0.120 0.150 0.180 0210 0.240 0.270 CX300
D R Y  M A T T E R  Y IE L D  (g )
2 . Y IE L D  (R O O T )
L E V E L *  ' ;
( H g / 1 0 0 g )  + -------------— + ------------ - + --------------- * -----—    *  -»
2500  h   — •------------------ 1,
500-0 I  -------- —i----- ----------- H
750-0 |-------— —  ----------------  -j
1 , 0 0 0 - 0  I ---------------— ------------------------1
----------------4 - ------------- + --------------- + -------— ----- * • ................---------------—'—.■I
0-080 0.090 0.100 0.110 0.120 0.130 0.140
D R Y  M A T T E R  Y I E L D  (g )
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F ig u r e  3. 2 .1 .1  continued
\
B . E D T A
3 . IR O N  (S T E M )
L E V E L *
(M -g/lOOg) + --------------------------
0 . 0  I
250-0 1-
500-0-----------1----------- .------  1
75 0-0 I-
1,0 0 0 - 0  |  1  }
0. 50. 100. 150. 200. 250. 300.
M E T A L  C O N T E N T  (m g .k g  )
4 .  IR O N  (R O O T )
L E V E L *
( H g /1 0 0 g) + .
0  0  H; — ------------ — I ,
250-0 |----------—<-------— I
500-0 I------------ —— H
750.0 I-------- -
1,0 0 0 - 0  I--------------------- —
210. 280. 350. 420. 490. 560. 630.
METAL CONTENT ( m g . k g  X)
F ig u r e  3. 2 .1 .1 continued
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B. E D T A
5 . M A N G A N E S E  (S T E M )
L E V E L *
( n g / 1 0 0 g ) 1__________________________
0 - 0  h
1, 0 0 0 . 0  I-
-+■
250.0 f----------------  :---------1
500.0 
750-0 \
300. 360. 420. 480. 540. 600. 660.
M E T A L  C O N T E N T  (m g .k g "  )
6 . M A N G A N E S E  (R O O T )
L E V E L *
( | j .g /1 0 0 g )+ .
+ *




1.0 0 0 . 0  I--------------------'— - — I
270. 300. 330. 360. 390. 420. 450.
M E T A L  C O N T E N T  (m g .k g  )
F ig u r e  3. 2.1. 1 continued
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\
B . E D T A
7 . Z IN C  (S T E M )
L E V E L *
( n g / 1 0 0 g) + ---------------- 1 —  ------ _ + ^ ----------- :+ _ ------------ + _ _ ______ , ,
750-0 I------------_ -----------1|
1,000.0 | ■- \
0. 80. 160. 240. 320. 400. 480.
M E T A L  C O N T E N T  ( m g .k g  )
8 . Z IN C  (R O O T ) j
L E V E L *  . .
( j j . g / 1 0 0 g ) * f --------------— -1 ----------;— +  —  - f - -----------— K ----------  t ' ■ •.
0.0--------------------------------- I - ---------- >--------- H
250.0 |----------- •— ---------f
500.0 I — --------- 1
750.0 | -™+--------   1
l p o a o  i ■-  -  H  t
420. 490. 560. 630. 700. 770. 840.
M E T A L  C O N T E N T  ( m g .k g  1)
F ig u r e  3. 2 .1 .1 continued
\
C . 2 -K E T O G L U C O N IC  A C ID
1. Y I E L D  (S T E M )
L E V E L *
( | i g / 100g )  * --------------------------+ _ _ ---------
+■
0 . 0  |  — --------- — 1
250.0------------------------- 1------------- .--------— {
500.0 \--------------•------------- 1
750.0 I------------- «------------H
1p0 0-0---------------------------------- |---------- — -------------1
0.150 0.180 0.210 0.240 0.270 0.300 0.330
D R Y  M A T T E R  Y IE L D  (g )
2 . Y I E L D  (R O O T )
L E V E L *
( | J L g /100g ) + ------------  + . ---------------------- ^  + ----------------------+ - ------------------------ + ---------------------- - + — - -■*
0 . 0  I ------------ — -J-------------- - p H
250.0 I — ----------- ■— I
5 0 0 . 0  1— ------------------ !— ■— r — " — 1
750.0 h— -------- '— ^   \  .
1;000-0  I ' 1   '• f
0.070 0.080 0.090 0.100 0.110 0.120 0.130
d r y  M A T T E R  Y IE L D  (g )
F ig u r e  3. 2 .1 .1 continued
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C . 2 -K E T O G L U C O N IC  A C ID
3 . IR O N  (S T E M )
L E V E L *
(n g /lQ O g ) r  +  .
0 . 0        1
250.0--------------- I------------      1
500.0 I------------------ — h---------------- — j
750.0 \--------------- — ------------- \
1p  0 0 0  I------------------   .------------------- J
75. 90- 105. 120. .135. 150. 165.
M E T A L  C O N T E N T  ( m g .k g " 1)
4 .  IR O N  (R O O T )
L E V E L *  • "
( H g / 1 0 0 g )  + -------------- - + ----------— :— + -----— + ------------------------------------------------ -------------------------- 7
0 . 0  \—  p  H
250.0 |---------------— --------1,
500.0---------- 1-------------------  “ I .
750-0 I------------- ~r— ------- 1
1 ,0 0 0 - 0  1 1 — j— H  _____  |
120 180. 240. 300- 360. 420. 480.
M E T A L  C O N T E N T  ( m g . k g  l )
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F ig u r e  3 .2 .1 .1  c ontinued
C . 2 -K E T O G L U C O N IC  A C ID
5 . M A N G A N E S E  (S T E M )
L E V E L *
(jxg /lO O g )
0 . 0
250.0 I— ------- ►------------1
500.0 |--------- .------   {
750.0------------------|------------1-------------- 1
1 0 0 0 0  | .  1
300. 360. 420. 480. .540. 600. 660.
M E T A L  C O N T E N T  ( m g .k g ’ 1)
6 . M A N G A N E S E  (R O O T )
L E V E L *
( H g /1 0 0 g) + --
o . o  h, —  H ,
250.0 |-------------  — -----1
500-0 I------ ;------'------------
750-0 1------------:—
1. 0 0 0 - 0  !  1
1------    r -
250. 300- 350. 400. 450, 500. 550.
METAL CONTENT (m g .k g  )
F ig u r e  3. 2.1 . 1 continued
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C . 2 -K E T O G L U C O N IC  a c i d  
V. Z IN C  (S T E M )
L E V E L *
( H g / 1 0 0 g )  t --------------- ------------------------------------------ ------------------ ----------




1, 0 0 0 - 0  f ---------------- ,------------------ -)
50. 100. 150. 200. 250. 300. 350.
M E T A L  C O N T E N T  (m g .k g  )
8 . Z IN C  (R O O T ) . ’
L E V E L *
(H g /1 0 0 g )  +   ---------+ ---------- :— - + -----------— + — — ;— * + -------------------------- r— +
0 . 0  I------------- — ---------------------1
250.0 h   — — — I •
500.0 t -< H ,
750.0 I — ;— I
1,000-0 j ■ — ------1___  +____ _______
480. 540- 600- 660. 720. 780. 840.
M E T A L  C O N T E N T  ( m g .k g  *)
L e v e ls  o f c h e la t in g  a g e n t s u p p lie d  ( p g /1 0 0 g s o il) .
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c h e la te s  z in c  in  th e  s o il and  t r a n s p o r ts  i t  to  be a b s o rb e d  a t th e  ro o t,  
w h i le  d e c r e a s e d  m a n g a n e s e  le v e ls  s u g g e s t c h e la t in g  a g e n t - r o o t  c o m ­
p e t it io n .  T h e  in c r e a s e  in  s te m  ir o n  le v e ls  w ith  in c r e a s e d  c h e la t in g  
a g e n t a p p lic a t io n ,  m ig h t  be by the fo r m a t io n  of i r o n - c i t r a t e  c o m p le x e s  
in  th e  s o i l ,  a b s o rp t io n  o f th e s e  b y  the  p la n t , an d  s u b s e q u e n t t r a n s f e r  
th r o u g h  x y le m  to  s te m  w ith o u t s ig n if ic a n t  r e le a s e  o f m e ta l  to  r o o t .  
T i f f i n  (19 66 ) c o n d u c te d  an  e x p e r im e n t  in  w h ic h  the  s te m  e x u d a te  f r o m  
s u n f lo w e r  p la n ts  w a s  e x a m in e d  e le c t r o p h o r e t ic a l ly .  T h e  r e s u lts  
s u g g e s te d  th a t  th e  i r o n  w as  bound to  c i t r a t e  and  th e  a u th o r  c o n s id e r e d  
th e  e x p e r im e n ts  c o n f ir m e d  c i t r a te  as  th e  p r in c ip a l  a g e n t in v o lv e d  in  
i r o n  t r a n s p o r t .  H o w e v e r ,  T i f f in  (19 67 ), a g a in  on th e  b a s is  o f e le c t r o ­
p h o r e t ic  e v id e n c e , d is c o u n ts  the p o s s ib i l i ty  o f z in c - c i t r a t e  c o m p le x e s  
in  th e  x y le m  (w h ic h  c o u ld  e x p la in  the  in c r e a s e  in  s te m  z in c  w ith  
in c r e a s in g  le v e ls  o f c i t r a t e ) .  S y n th e t ic a lly  p r e p a r e d  z in c - c i t r a t e  c o m ­
p le x e s  w e r e  a n o d ic , w h ile  z in c  in  x y le m  e x u d a te s  f r o m  to m a to e s  w a s  
s l ig h t ly  c a th o d ic , im p ly in g  th a t the  m e ta l  m o v e d  as  a n  in o r g a n ic  c a t io n .  
In  a d d it io n , the  z in c - c i t r a t e  c o m p le x  h as  a r e la t iv e ly  lo w  e q u i l ib r iu m  
c o n s ta n t ( T i f f i n  (1971) quotes  70, 800) w h ic h  a ls o  m a k e s  i t  l i k e ly  th a t  
s ig n i f ic a n t  d is s o c ia t io n  o f z in c - c i t r a t e  c o m p le x e s  o c c u rs  in  x y le m  f lu id  
a n d  th a t  z in c  m o v e s  as an  in o rg a n ic  c a t io n . Such e x p e r im e n t a l  c o n s id ­
e r a t io n s  a ls o  d is c o u n t an  a l te r n a t iv e  e x p la n a t io n  th a t , on e n te r in g  th e  
r o o t ,  m e t a l - f r e e  c i t r a t e  c h e la te s  a lr e a d y  p re s e n t , b u t in a c t iv a te d ,  z in c  
a n d  th e n  t r a n s p o r ts  i t  to  th e  s te m .
S e v e r a l  t re n d s  w e r e  n o te d  w ith  E D T A .  In c r e a s in g  th e  le v e l  o f  
a p p l ic a t io n  r e s u lte d  in  s lig h t  in c re a s e s  in  r o o t  y ie ld ,  in  r o o t  i r o n  a n d  
in  s te m  z in c  an d  s lig h t  d e c re a s e s  in  ro o t  m a n g a n e s e  an d  r o o t  z in c .
T h e  y ie ld  in c r e a s e  m a y  r e s u l t  b e c a u s e  E D T A  a c ts  as  a n it r o g e n  
s o u rc e  o r  b e c a u s e  i t  re m o v e s  c a lc iu m  f r o m  the  r o o t  c e lls ,  a l lo w in g  
e lo n g a tio n  to  o c c u r  (W e in s te in  et a l . , 195 6 ). T h e  o b s e rv e d  d e c r e a s e s  
s u g g e s t c o m p e t it io n  b e tw e e n  c h e la tin g  a g e n t an d  ro o t  a n d , s in c e  E D T A  
fo r m s  a m o r e  s ta b le  c h e la te  w ith  i r o n  th a n  w ith  z in c  o r  m a n g a n e s e , a  
p ro n o u n c e d  d e c re a s e  in  ro o t  ir o n  m ig h t  h a v e  b e e n  e x p e c te d .
T h e  in c r e a s e  o b s e rv e d  is ,  th e r e fo r e ,  in te r e s t in g  a n d  c o n t r a r y
85
to  r e s u l t s  o f B ro w n  e t  a l . ( I9 6 0 ) .  T h e s e  a u th o rs  s u g g e s te d  c o m p e t it iv e  
re a c t io n s  w e r e  in v o lv e d , n o tin g  th a t , i f  th e  c o n c e n tr a t io n  o f  c h e la t in g  
a g e n t w a s  in c r e a s e d  b eyo n d  th a t  o f i r o n ,  the  a m o u n t  o f  i r o n  a b s o rb e d  
b y  th e  p la n t  d e c re a s e d .
S te m  z in c  le v e ls  m a y  in c r e a s e  b e c a u s e  E D T A  a f fe c ts  t r a n s lo c a ­
t io n  w i t h in  th e  p la n t .
2 -k e to g lu c o n ic  a c id  a p p lic a t io n s  s l ig h t ly  in c r e a s e d  s te m  m a n g a ­
n e s e  a n d  s te m  z in c  a n d  s l ig h t ly  re d u c e d  r o o t  z in c . T h e  in c r e a s e s  m ig h t  
be  e x p la in e d  b y  im p r o v e d  t r a n s lo c a t io n  a n d  th e  r e d u c t io n  b y  c h e la t in g  
a g e n t -r o o t  c o m p e t it io n .
In  s u m m a r y ,  t h e r e fo r e ,  i t  a p p e a rs  th a t  th e s e  th r e e  c h e la t in g  
a g e n ts  ( c i t r a t e ,  E D T A  a n d  2 -k e to g lu c o n ic  a c id )  h a v e  fe w  s ig n i f ic a n t  
e f fe c ts  u p o n  t r a c e  m e ta l  le v e ls  o r  upon y ie ld .  S o m e  t r e n d s , h o w e v e r ,  
do a p p e a r  w h ic h  s u g g e s t f u r t h e r  in v e s t ig a t io n  c o u ld  be f r u i t f u l .
3 . 2 . 2  P O T  E X P E R IM E N T S  IN V O L V IN G  A P P L I C A T IO N  O F  M E T A L
C H E L A T E S  T O  A N  A C ID  S O IL
3 . 2 . 2 . 1 In t r o d u c t io n
In  th e  p re v io u s  s e c tio n  the  t re n d s  o b s e rv e d  s u g g e s t th a t  m e t a l -  
f r e e  c h e la t in g  a g e n ts  a t  h ig h e r  le v e ls  (u p  to  1 0 0 0  jj.g / 1 0 0  g s o i l )  m a y  
in f lu e n c e  t r a c e  m e ta l  le v e ls  a n d  y ie ld s  in  th e  b e a n  P h a s e o lu s  v u lg a r is  
v a r .  C a n a d ia n  W o n d e r .
T o  c o m p a re  th e  r e la t iv e  e f fe c t iv e n e s s  o f  m e t a l - f r e e  c h e la t in g  
a g e n ts  a n d  m e ta l -c o n ta in in g  c h e la te s  in  c h a n g in g  m e t a l  le v e ls  a n d  
y ie ld s  in  th is  p a r t ic u la r  s p e c ie s , a f u r t h e r  s e r ie s  o f e x p e r im e n ts  w a s  
c o n d u c te d  u s in g  i r o n ,  m a n g a n e s e  a n d  z in c  c h e la te s  o f E D T A .
3 . 2 . 2 . 2 M a t e r ia ls  a n d  M e th o d s
(1) S o il
T h e  s o i l  w a s  th a t  d e s c r ib e d  and  c h a r a c t e r iz e d  in  C h a p te r  2 , 
s e c tio n  2 . 2 . 1.
( 2 )  T r e a t m e n t  s o lu tio n s
S to c k  s o lu t io n s  o f i r o n ,  m a n g a n e s e  a n d  z in c  E D T A  (1 : 1 m e t a l /  
c h e la t in g  a g e n t r a t io )  w e r e  p r e p a r e d  b y  m ix in g  s to ic h io m e t r ic  q u a n t it ie s  
o f r e a g e n t  g ra d e  F e  C l  , M n  C l  ,4 H  O  and  Z n C l _ ,  r e s p e c t iv e ly ,  w ith
J  c* c*
A n a la r  E D T A  (a s  th e  d i-s o d iu m  s a lt ) .  T r e a t m e n t  s o lu t io n s  c o n ta in in g
0 . 2 , 1. 0 , 2 . 0, 5. 0 , 10. 0 , 15. 0 and  20 . 0 p p m  c h e la t in g  a g e n t /m e t a l  io n
w e r e  o b ta in e d  f r o m  s to c k  s o lu tio n s  b y  d ilu t io n  w ith  d e io n is e d  w a t e r .
T h e  c o r r e s p o n d in g  f ig u r e s  f o r  the t o t a l  q u a n t ity  o f c h e la t in g  a g e n t /  
m e ta l  io n  in  e a c h  o f th e s e  t r e a tm e n ts  w a s  10. 0 , 5 0 . 0, 100 . 0 , 2 5 0 . 0 ,
5 0 0 . 0 , 7 5 0 . 0 a n d  1 00 0 . 0 (e x p re s s e d  as  jj.g /100  g s o i l ) .  A  d e io n is e d  
w a te r  c o n tr o l  w a s  a ls o  in c lu d e d  in  th e  e x p e r im e n t .
(3 )  M e th o d
T h e  m e th o d  is  d e s c r ib e d  in  C h a p te r  2 , s e c t io n  2 . 2 . 2 .
(4 )  A n a ly t ic a l  te c h n iq u e
T h e  te c h n iq u e ,p r e c is io n  and  a s s o c ia te d  e r r o r s  a r e  d is c u s s e d  
i n  C h a p te r  2 , s e c tio n  2. 2 . 2 .
3 . 2 . 2 . 3 R e s u lts  a n d  D is c u s s io n
T h e  r e s u lts  a r e  p re s e n te d  in  T a b le s  3. 2 . 2 . 1, 3 . 2 . 2 . 2 a n d  3 . 2 . 2 .
O n e -w a y  a n a ly s is  o f v a r ia n c e  sho w s i r o n  E D T A  to  h a v e  a  h ig h ly  
s ig n i f ic a n t  e f fe c t  u p o n  i r o n  c o n te n t o f  th e  s te m  a n d  a  l e s s e r ,  b u t s t i l l  
s ig n if ic a n t ,  e f fe c t  u p o n  m a n g a n e s e  le v e ls  in  b o th  r o o t  an d  s te m . In  
e a c h  c a s e  th e  m e t a l  c o n te n t in c r e a s e d  as  th e  le v e l  o f c h e la te  a p p lie d  
w a s  in c r e a s e d .  H ig h e s t  t r e a tm e n t  le v e ls  h a d  th e  g r e a t e s t  e f f e c t .
M a n g a n e s e  E D T A  h a d  a s ig n if ic a n t  e f fe c t  u p o n  m a n g a n e s e  a n d  
z in c  le v e ls  in  th e  r o o t  a n d  a h ig h ly  s ig n if ic a n t ' e f f e c t  u p o n  m a n g a n e s e  
in  th e  s te m . A s  th e  le v e l  o f c h e la te  a p p lie d  w a s  in c r e a s e d , g r a d u a l  
in c r e a s e s  in  s te m  an d  r o o t  m a n g a n e s e  le v e ls  a n d  a  s l ig h t  d e c r e a s e  in  
r o o t  z in c  le v e ls  w e r e  o b s e rv e d .
Z in c  E D T A  a p p e a r e d  to  h av e  no s ig n i f ic a n t  e f fe c t  on y ie ld  o r  









































































































































































to toco to o M0CM r-H O' o , —^ , — _ „— K „ — _ ^ ^
CM O o o •d b- o to o CO co M0 O o o o
• a a • » . a . a . . .
O o o o CM O' r- co CM o CO to to CO MO'—- '— ■ O co to CM CM CO to CO to CM
CM -— CM '— '—" CO "— CM■— to '—
o o o oo o o oMO H CO CMo’ CM O r-H Oto . • . .
r^ - O o o o
0 0 o o ' O' 0 0 * r-H O o
» . • . • m . . •
rH to CO H v~ 0 0 CO o r-HO CO o MO 0 0 rH MO CM o CO
r-H ' CM - — 1 CM s—" CM CM
o o
co oo
CM r- toO H  O' 0sr- o o r—1 r-H _ _ _o CM o o o CO CM O O MO CM o LO o
o • . • . • . . . • . , . » . ,



















t ' '- r-H r-H
V  CM O ' CM 
CM O  O  O
O O O O*
r- r-





°  ^  r—l O
o o o o
CM ^  CM
00 CM 0s oO
,—i CO CO ,—i 
CM O  O  O
CO* O* O O*
O' oo' o o ' 0 0 o CM o lO o o
. a • . . a a a a a a
O' r- to CO CM o CM CM CM COr- — o CO r—1 rH to CM H CO CO 0 0
CM CO CM CM M 0
O' 0 0 o o r- co O' CO O to O LO
00* to o CM 00* t-H CO MO co ■d CM*
- — - co CM lO -d1 CO CM CO o - to
rH ----- CO co " CM — r - 1— '
t o ^ o o  O  n ' o o  o  O O O t O
r - j vO  CO
r - l  r *  rH
CM —  cm  ^
CO CO CM 0 s co r-H r- to
rH vO 'w'
MO ^   '
O  r-H  H  0 0  r H
.  ^  <M [ j  r H
O  N  O  H  O
rH • • • *
o o o o
O -d CO CO CO CO,—I t'- O O O t O
CO t ' -  CO r-H 
•rH r-H i—I "T
 CM — '
h  'O in O'
o CM M3  -
CO ' —  CM
oo r ~  cm t o  
t o  r-H r~- r~-
tO  ^  MO -—
MO 00 » tor- r-H ^ oo CM CM O ' rH ----V , — s ,— „ — - , — ^
• CM O O o CM t -H o o rH to O ' T--1 CM o Oo a a a a a a • a a a a a - « a
o o  o o r - r- to M0 00 r - CO CO M0 to CM 00
v ----- ' __- co i— i 1—1 CM r I r-H CO to t-H CM H''—' CM co -- CO CM ■-- - t>
o 0















































































cd H  -b
J *H
P h  0 3
^  P
P ^ 
b i)  U  .zr **h
TO 3
•s &
g  0 3






































































































































































CD . . . 'H-H . bfl tuo.CO CO CO CO O 6 CO 6









CM I—1o COr H
o
o o o o O 00 O' o i-H r- M0 00 r-H
o • • • • • • . • « . . . .  . .f—1 o o o o O' CM t'- LO M4 M4 M4 O' CO r- cm to---- ■--- CM lO o i—c M0 CO M3 •—- CO ^  MH CO
CM '— M4•Hi LO —- M4 CM ---- -  lO '—"
r-----
t'- CO LOo CT' LO LO CO
• i—1 CO CO rH ^----N ,----S ^ N -----. ^ ^ ^—No CM o i-H O o o o to r'- O' CM t—i CM CMLO » • • • • . . . . , . . . .







r-rHCOo’ CM o r-H O o LO O LO CO O' LO r~ 00 t—H LO CMo . . • • . . . . . . . , .
LO o o o o LO O' co 00 CM CO co O' M0 vO r- o■— ■—" CM LO o- vO CO vO co CM CO Hi—H ■— co — ■—' CO '—' CM ---- LO
LO CM co CMo O ' O LO O '
. co CM
r-H
o ------^ ,,— , ^— ^ — ,
o CM O o o O O o i-H o LO r - i— 1 CM CP
LO • • • . % • • , » • » . . , »
CM o o o o o O ' CO CO o CM o 00 r - MO 0 0
' — " — • MO MO 00 o LO 1— 1 r—H CM LO









O ' c o  






o o o o o O ' Co r-H CO 0 0 LO
• • • » • • • • • • • • •
o o o o o co p—H LO CM M 0 M0 O ' LO M 0 o CO








r H O '
lO
M 0
i— l O '
^  ^  O' lO 
^  N  H
N  O  h  O  
o "  o  o ’  o ’
CM
lO  O ' ^  
O  CO ^  
LO co  
CM  O CM







vo ^  r- 
r -  h  ^  o  tM N O' rH 
CM  O  O  o
o ’  o "  o ’  o ’
P h m
O o O O o rH O ' CM i—i O '
M 0 O ' M 0 MO O ' lO * r-’ CO r-H
r- LO O CM O ' rH 0 0 M4 MO f^4
CO CM rH LO
o o o M0 O ' M 4 o LO ■^l4
i— i o* r-’ i— 1 CO r-H O ' M 4 M4 rH
r - o r H CO LO CM CO " d 4 r- O ' vO
CM CO rH LO
i— i O o i—( L fT O ' rH CM o o'
to MO 00* 0 0 CO M 3 LO CM 0 0i—i H CM r-H i-H CO LO i—i CM "d4CM co ' co CM '— r> -
































<D O  +->
cd <D 











d  £  
0  i>
> <H_,•h otuO
rH “Cd .rH  
+ j  cn
XI r-H
r-H




























P h  C O
« ©











„  d d
O bO M
. O  -rH  - H
Z  C O  CO










































































































































































00 ^  00 H
CM 00  00





,—^ p—» ,__ ,—v ^ s
T—\ O m O 0 O O 0 m t—4 CM O 0
• » • • • • a m a a
O O 1—4 O CO 00 00 r—i 00 CO 00






r—4 co xO vDn-
m
r—4 r- n- r-
0 MD00 xO t-
. 0 CTx0 ,— ^ , — ^
0 CM 0 0 0 0 m 0 O 0 m 0 O 0 !"■ | 0 Om . . . . . . . . . , . . # ,
r- O 0 0 0 m 00 CM <M x£> r^ n- CO Ox 00 Ov— —' 00 m r~ 00 m CM r—H CM CO
1—4 — CM'■—^ COv—^ CO —^ CM xO ----
. xO CO 0 1—-4 ,____ p— , ,__^ ^^0
0
CM 0 i -H O CO CM 0 m 0 m 0 m 00 CM 0 0
m O 0 O’ o’ CO CO 00 cm’ 0 xd 00 00* co O* xd cm’X----- ' ’—' m 1— 1 CM CM—^ CMX----4 CJx fx - 0 CM










03 00 ^  «—1
0 0  O ' CO
xtf r-4 CO O
03 O O O
0 0 0 0
I—1 CM 0 m 0
r—1 o ’ xd CM*[x- CM 0 CO xO--WP- CO r—H CO
00 0 0 0 O« a * »






00 0 00 ^
N O H
o’ 0 0 0
c r  co
c m  £  £  m  m 0
N O P O 
o’ o’ o’ o’
m o  o  o m o o
CO O O' I 1 sO O' \0 ^
0 0  C O  C O  C \] x O  r —I ^  r—I
<—I    r—I   CO  ^ " CO
O- CO O o  O O O O
^  0 " 0  N  
\ 0  M  \D  O ' —'  03 — "
^  O h  (O
m 03 o  co 
co —- co —-
CM CJx 0 m
• . . »
O m 0 0
co —^ 0 (X-
CM 00




r- CO 0 O
» . .
CM CO COxO CM CJX CO
CM tx-
00 00 0 mm « »
r-4 00 CJX 0
O m 0 CO
CO ■—■00 r—H
xO 00 tx- in'[X- pH 0CM CM CJx r—H _ p—v -— p--V ,—^ ,—^
CM O O 0 CM 1—i 0 O r~l m CJX 1—t CM O Om « » • • « • • • * • • • ■ »
O O O 0 fx- r- m xO 00 i>- CO CO xO m CM CO


























































^ m TO .H
CO
r^  ^  Tj ,-4











d ** d v
•m ^  O ^
o d 
 ^ o













































•  r d
4-4 4-4









d  pQ C3 T J 03 4-4
90
T h e se  trends are  i l lu s tr a ted  in F ig u re  3. 2. 2.1.
I t  is  n o t a p p r e c ia te d  w h y  a p p lic a t io n s  o f i r o n  E D T A  s h o u ld  
in c r e a s e  th e  m a n g a n e s e  c o n te n t o f r o o t  a n d  s te m . I t  h a s  b e e n  sho w n  
th a t ,  g e n e r a l ly ,  i r o n  c h e la te s  re d u c e  th e  m a n g a n e s e  c o n te n t o f p la n ts  
(W a l la c e ,  1 95 6 , p p . 4 4  -  4 8 ; M o r a g h a n  a n d  F r e e m a n ,  1 9 7 8 ) a n d , in d e e d ,  
th e y  h a v e  b e e n  u s e d  to  o v e rc o m e  m a n g a n e s e  t o x ic i t y  in  f la x  (M o r a g h a n  
a n d  F r e e m a n ,  1 9 7 8 ).
F r o m  c o n s id e r a t io n  o f the  s ta b i l i t y  c o n s ta n ts  f o r  m a n g a n e s e  
a n d  i r o n  E D T A  ( r e s p e c t iv e ly  14. 1 an d  2 5 . 1  ( M a r t e l l ,  1 9 5 7 )) i t  a p p e a rs  
u n l ik e ly  th a t  s o i l  m a n g a n e s e  s h o u ld  d is p la c e  i r o n  f r o m  i r o n  E D T A  to  
f o r m  th e  m a n g a n e s e  c h e la te  an d , t h e r e fo r e ,  th e r e  s h o u ld  be n o  in c r e a s e  
in  th e  m a n g a n e s e  a v a i la b le  to  the  p la n t  a n d  no in c r e a s e  in  i t s  m a n g a n e s e  
c o n te n t .
I t  is ,  t h e r e f o r e ,  in te r e s t in g  th a t , in  p r e v io u s  p o t e x p e r im e n ts ,  
w h e n  m e t a l - f r e e  E D T A  w a s  a p p lie d ,, a s i m i l a r  p o s it iv e  c o r r e la t io n  
b e tw e e n  i r o n  a n d  m a n g a n e s e  w a s  o b s e rv e d  ( s e e  T a b le s  3. 2 . 1. 4  and
3 . 2 .1 .  5 a n d  p ag e  67.
T h e  s lig h t  d e c re a s e  o b s e rv e d  in  r o o t  z in c  le v e ls  as  in c r e a s in g
q u a n t it ie s  o f m a n g a n e s e  E D T A  w e r e  a p p lie d  s u g g e s ts  th a t  z in c  u p ta k e
is  in h ib i te d  b y  m a n g a n e s e . S i m i la r  t re n d s  h a v e  b e e n  o b s e r v e d  b y  o th e r
w o r k e r s .  F o r  e x a m p le , H a w f  a n d  S c h m id  (1967 ) n o te d , in  e x p e r im e n ts
w ith  b u sh  b e a n s , th a t  h ig h  c o n c e n tra t io n s  o f a d d e d  m a n g a n e s e  r e d u c e d
u p ta k e  of r a d io z in c  f r o m  n u t r ie n t  s o lu tio n s  b u t d id  n o t a l t e r  th e  in t e r n a l
d is t r ib u t io n  o f th e  r a d io a c t iv e  s p e c ie s . R e d d y  e t  a l . (1 9 7 8 ), h o w e v e r ,
c o n c lu d e d , f r o m  s h o r t - t e r m  e x p e r im e n ts  w ith  s o y b e a n  s e e d lin g s  in
n u t r ie n t  s o lu t io n , th a t  m a n g a n e s e  h a d  a n  in h ib i t o r y  e f fe c t  n o t  o n ly  on  
6 5
Z n  a b s o r p t io n  b u t a ls o  on i t s  t r a n s lo c a t io n  to  s h o o ts .
T h e r e  is  a  f u r t h e r  c o m p a r is o n  to  be  m a d e  w ith  th e  r e s u lts  o f 
p re v io u s  p o t e x p e r im e n ts  ( s e e  C h a p te r  3, s e c tio n  3 . 2 . 1 ) ,  w h e r e ,  u n d e r  
t r e a tm e n t  w ith  2 -k e to g lu c o n ic  a c id , th e r e  w a s  a p o s it iv e  c o r r e la t io n  
b e tw e e n  z in c  a n d  m a n g a n e s e . T h is  in f e r s  th a t  in  t r a n s lo c a t io n ,  i f  n o t  
d u r in g  u p ta k e , th e r e  is  no a n ta g o n is m  b e tw e e n  th e  m e ta ls  a n d  i t  is  th e
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F ig u r e  3 . 2 . 2 . 1  T R E N D  D IA G R A M  -  th e  e f fe c ts  o f e ig h t  a p p lic a t io n
le v e ls  o f th r e e  m e t a l  c h e la te s  on t r a c e  m e t a l  c o n ­
te n t  a n d  y ie ld .  T r e a t m e n t  m e a n s  w ith  p o o le d  
s ta n d a r d  d e v ia t io n  f r o m  o n e -w a y  a n a ly s is  o f  v a r ia n c e
A . F e E D T A
1. Y I E L D  ( S T E M )
L E V E L *
1  —.-----------------
2  I  —  '  ;----------------1
3  |------------------------------— H—  ----------------------------1
A.----------------------- I— ------------------   H
5  |  , 1
6 I------------------r-*----------------  i
7 --------------------------------------------I-------------------------     1
8
0.150 0.180 0.210 0.2A0 0.270 0.300 0.330
D R Y  M A T T E R  Y I E L D  (g )
%
2 . Y I E L D  (R O O T )
L E V E L *  • .
1 
2
3---------------- I------------:— i--------------- 1
A I--------- ------- *---------  1
5 I---------- - -----+ — ------   1
6  I-
+
0.0A0 0.060 0.080 0.100 0.120 0.1A0 0.160
D R Y  M A T T E R  Y IE L D  (g )
F ig u r e  3. 2. 2 .1  continued
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A .  F e E D T A
3 . IR O N  (S T E M )
L E V E L *
1
2  I----------------- '---------— I
3  ( , 1
4 I------- '------1
5 -------- -- ---------1
G I-----------— — I
7---------------------------------- I-------
8 I---------------— i
4^,   __f~, —| — ^  - - — - |_| , - ■- - - ■ ■ —, fj -r--—- - - r—  
-50. 0. 50. 100. 150. 200. 250.
M E T A L  C O N T E N T  (m g . k g " 1)
4 . IR O N  (R O O T )
L E V E L *
+ ----------------+ -----------------------------    4. f
1 h - ---------- — ------------------- H
2  ,--------------- I— -------------------'-------------- — I
3  |   ^
4 -----------------|------------------------ 1- -----------------------1
5 I----- — —•---------- i
6    4
7 , I---- -------•— ----------1
8  | , _ ------------------
0. 80. 160. 240. 320. 400. 480.
M E T A L  C O N T E N T  (m g . k g ' 1)
F ig u r e  3. 2. 2.1 continued
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A . F e E D T A
M A N G A N E S E  (S T E M )
L E V E L *
1 .  1------H
2 
3
4 I— — --------- 1
5 I--------- — ;---- 1
G h -------- '— — I
7 --------- '—  
8  I--------- - h -----------------1
140- 210. 280- 350. 420. 490. 560..
M E T A L  C O N T E N T  (m g . k g " 1)
.6 . M A N G A N E S E  (R O O T )  • /  •
L E V E L * .j--------------------- — „------ -— -------------  j ■ t-fr
1-------------------------------------------------- I------------- —  1 .
4-
4 I---- -------  1
5  _   [
g   ,----------------- q
7 ------------------------------- !------------------------------  1
t
8 ----------------------------------------------------------- I-------------------1---------- — H
150. 200. 250. 300. 350. 400. 450.
M E T A L  C O N T E N T  (m g . k g '  )
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F ig u r e  3. 2, 2 .1  continued
A . F e E D T A
7 . Z IN C  (S T E M )
L E V E L *
2  I------------------------------- »
3  | ,  1
4 h------ .......— ------------- i
5  | _   -
6 -------------------------- I------------------------- «----------------------  1
7  |  * r
8  | --------------
-200. 0. 200. 400. 600. 800. $00 .
M E T A L  C O N T E N T  (m g .  k g ' 1)
8 . Z IN C  (R O O T )
L E V E L *
1 I— ------------ -------------------------------- 1




6 ------------------------------------------------------I-------------- --------- —
7 ------------------------------------------------- I--------------------------- <--------
8  I----------------------- »--------------------- 1
400. 500- 600. 700 . 800 . 900. 1JD0O
M E T A L  C O N T E N T  (m g . k g ' 1)
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F ig u r e  3. 2. 2. 1 continued
B . M n E D T A
1. Y I E L D  ( S T E M )
L E V E L *
♦  : \  •-     -*•--------
1 I—      . ,
2  h r — — —  ------------------------------------ 1 ,3 | , — |
4  |--------------------------------------- ,------------------  H ,
5  j--------------------------------------- ,--------------------------------------1
6 ---------------------------- j---------------------------------------
7  ----------------— — -------------------— -------------1
8 |  . 1
1 +  •
0.150 0-180 0.210 0.240 0-270 0.300 0.330
D R Y  M A T T E R  Y IE L D  (g )
%
2 . Y I E L D  (R O O T )  *
L E V E L *
+
1 I----------------------- _ ------------------
2  h - r - — — ----------------H ,3  I------------------------,-----------------— |
4 ----------------------j----------------------------------- - - - - -  |
5
e  h — — ------------------------- 1
7
8 ---------------------------------------------------- I----------------------------   1
0.060 0.080 0-100 0.120 0.140 0.160 0.180
D R Y  M A T T E R  Y I E L D  (g ) .
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F ig u r e  3. 2. 2. 1 continued
B . M n E D T A
3. IR O N  ( S T E M )







I   *--------------- 1
8  I-------------------- *■
90. 0. 90. 180. 270. 360. 450.
M E T A L  C O N T E N T  (m g . k g  )
4 . IR O N  (R O O T )
L E V E L *
1"
1--------------------i--------------------------  4 - ---------- — --------
2  |   ■■ >  i3---------------------j--------- _
4 f I— --------- —
5 I-------------— •----- —
6  , l "------- —
7 h
8 I----------------- — --------
0- 100. 200. 300. 400- 500. 600.
M E T A L  C O N T E N T  (m g . k g " 1)
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F ig u r e  3. 2. 2 .1  continued
B . M n E D T A
5 . M A N G A N E S E  ( S T E M )








7 . . ,
8 I---------•— H
■+. +  +
180. 270- 360. 450. 540. 630. 720.
M E T A L  C O N T E N T  ( m g .k g  )
6 . M A N G A N E S E  (R O O T )








I •------------ — I
180. 240. 300- 360. 420. 480. 540
M E T A L  C O N T E N T  ( m g .k g " 1)
F ig u r e  3. 2. 2. 1 continued
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B . M n E D T A
7 . Z IN C  ( S T E M )









60. 120. 180. 240. 300. 360. 420..
M E T A L  C O N T E N T  ( m g .k g "  )
8. Z IN C  (R O O T )









300. 400. 500. 600. 700. 800. 900.
- i .M ETAL CONTENT (m g .k g  )
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F ig u r e  3. 2. 2 .1  continued
C . Z n E D T A
1. Y I E L D  (S T E M )
L E V E L *
+ ------------— j----------------- * ----------------+ -
1 I  ------- *---------  1
2
3





0-175 0 210 0.245 0.280 0 315 0.350 0385
D R Y  M A T T E R  Y I E L D  (g )
2 . Y I E L D  (R O O T )
L E V E L *
^  + ----- -— ,—  + -----,— —  + -----------------f.-------- - --------h ---------
1 1—   ■   — 1
2  i----------------   .------------   —
3 |----------— ------ »--------- — -----1
4---------- 1-------------------------    H
5  (--------------------------------------<---------— — ------------- H
6  |----------------------------------------------------- ----------------— H
7 ---------------—t----------- ------------
8  ------------------------ — i----------------------------
0.075 0.085 0-095 0.105 0.115 0125 0.135
D R Y  M A T T E R  Y I E L D  (g )
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F ig u r e  3. 2. 2 .1  continued
C . Z n E D T A
3 . IR O N  ( S T E M )
L E V E L *
+ -
1 I — •---------- - i
2  |------------— ^ , 1
3 j— 1 — ,---- -----1
4   '------------- 15----------- i---------------   |
6  I —   r— I7--------------------------------- ---------------- -i---------
8-----------------------------------1-------------■— ----------
-70. 0. 70. 140. 210 . 280. 350
M E T A L  C O N T E N T  ( m g .k g  )
\
IR O N  (R O O T )
L E V E L *
1 i— ;---------' ---------- 1 .
2------------------- I---------------- —1------ ;-------1
3 1--------- ------ — — ------- 1
4 I --------  1
5 F
6  |--------------  J -
7
0. 100. 200. 300. 400. 500. 600.
M E T A L  C O N T E N T  ( m g .k g  )
101
F ig u r e  3. 2. 2 .1  continued
C . Z n E D T A
5. M A N G A N E S E  ( S T E M )









100. 200. 300. 400. 500. 600. 700.
M E T A L  C O N T E N T  ( m g .k g  )
6. M A N G A N E S E  (R O O T )









100. 200. 300. 400. 500. 600. 700.
M E T A L  C O N T E N T  ( m g .k g - 1 )
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F ig u r e  3. 2. 2 .1  continued
C . Z n E D T A
7. Z IN C  (S T E M )













140. 210. 280. 350. 420. 490.
M E T A L  C O N T E N T  ( m g .k g " 1)
8 . Z IN C  (R O O T )









450. 550- 650. 750. 850. 950. 1,050.
M E T A L  C O N T E N T  ( m g .k g  )
L e v e ls  o f m e t a l  c h e la te  s u p p lie d  (p g /lO O g  s o i l ) .
1 = 0 pg; 2 = 10 pg; 3 = 50 pg; 4 = 100 pg; 5 = 2 5 0  p g ; 6  = 5 0 0  pg; 
7 = 750  pg; 8 = 1, 000  p g . ' ‘
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r e v e r s e  o f  th e  e x p e c te d  r e s u l t  (s e e  p ag e  7 l) .
T w o - w a y  a n a ly s is  o f v a r ia n c e  s h o w e d  in d iv id u a l  m e t a l  c h e la te s  
to  h a v e  th e  fo l lo w in g  e f fe c ts :
(1) m a n g a n e s e  E D T A  g a v e  th e  h ig h e s t  v a lu e s  f o r  r o o t  y ie ld ,
f o r  i r o n  a n d  m a n g a n e s e  in  th e  s te m , f o r  i r o n  in  th e  r o o t  
a n d  g ave  th e  lo w e s t  le v e ls  fo r  r o o t  z in c ,
(2 )  i r o n  E D T A  g a v e  th e  lo w e s t  le v e ls  o f m a n g a n e s e  in  b o th
r o o t  a n d  s te m  a n d  th e  lo w e s t  le v e ls  o f s te m  i r o n ,
(3 )  z in c  E D T A  a n d  m a n g a n e s e  E D T A  g a v e  v e r y  s i m i l a r
h ig h  v a lu e s  f o r  m a n g a n e s e  in  th e  r o o t  a n d  th is  r e s u l t  
is  th o u g h t to  be a n o m o lo u s . I t  m a y  be e x p la in e d  b y  th e  
a b n o r m a l ly  h ig h  v a lu e  o b ta in e d  f r o m  th e  1 0 0  |j.g z in c  
E D T A  t r e a tm e n t  (T a b le  3 . 2. 2 . 3),
( 4 )  h ig h e s t  v a lu e s  fo r  r o o t  z in c  w e r e  o b ta in e d  w ith  z in c  
E D T A  t r e a tm e n t s .
T h e s e  t r e n d s  a r e  i l l u s t r a t e d  in  F ig u r e  3 . 2 . 2 . 2 .
T h e  h ig h  i r o n  le v e ls  m a y  h a v e  o c c u r r e d  w ith  m a n g a n e s e  E D T A  
b e c a u s e  s o i l  i r o n  d is p la c e d  m a n g a n e s e  f r o m  th e  c h e la te  f o r m in g  th e  
m o r e  s ta b le  i r o n  c h e la te .  I r o n  in  th is  f o r m  s h o u ld  be m o r e  a v a i la b le  
to  th e  p la n t  a n d  i ts  u p ta k e  c o u ld  be e x p e c te d  to  in c r e a s e .  K n e z e k  a n d  
G r e in e r t  (1971) n o te d  s i m i l a r  in c r e a s e s  in  i r o n  a v a i la b i l i t y  a f t e r  
m a n g a n e s e  E D T A  t r e a tm e n t  a n d  a t t r ib u te d  th is  to  r a p id  e x c h a n g e  o f  
s o i l  i r o n  fo r  m a n g a n e s e  in  th e  c h e la te .
L o w  z in c  le v e ls  p ro d u c e d  b y  m a n g a n e s e  c h e la te s  h a v e  a l r e a d y  
b e e n  d is c u s s e d  (s e e  p a g e 9 0 ). T h a t  th e  h ig h e s t  l e v e l  o f  s te m  m a n g a n e s e  
s h o u ld  be p ro d u c e d  on a p p lic a t io n  o f  m a n g a n e s e  E D T A  is  n o t u n e x p e c te d  
b e c a u s e  one is  s u p p ly in g  m a n g a n e s e  in  a  s o lu b le  f o r m  w h ic h  th e  p la n t  
c o u ld  b e  e x p e c te d  to  a b s o r b  a n d  t r a n s lo c a te .  T h is  a s s u m e s , h o w e v e r ,  
th a t ,  in  th e  s o i l ,  m a n g a n e s e  is  n o t d is p la c e d  f r o m  th e  c h e la te .
I t  is  n o t c le a r  w h y  th e  h ig h e s t  r o o t  y ie ld  s h o u ld  b e  o b ta in e d  w ith  
m a n g a n e s e  E D T A .  I f  th e  E D T A  w e r e  a c t in g  as  a  n i t r o g e n  s o u rc e  i t
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F ig u r e  3 . 2 . 2 . 2 T R E N D  D IA G R A M  -  th e  e f fe c t  o f t h r e e  m e ta l
c h e la te s  on t r a c e  m e ta l  c o n te n t a n d  y ie ld .  M e a n s  
o v e r  a l l  a p p lic a t io n  r a te s  w i t h  p o o le d  s ta n d a rd  
d e v ia t io n  f r o m  tw o -w a y  a n a ly s is  o f v a r ia n c e
1. Y I E L D  ( S T E M )
C H E L A T E
FeEDTA 1---------------------•— — ---------1
MnEDTA 1---------------1- ---------- —I
ZnEDTA |-------------------------------------— |
+  --------- + ----------------+ ----------— — + -------------— + ------------------ -h
0.215 0.229 0.243 0.257 0.271 Q285 Q299
D R Y  M A T T E R  Y I E L D  (g )
2 . Y IE L D  (R O O T )
C H E L A T E +-------------- * ------------   +.-------   +  +. 4....  ■ -• +
FeEDTA I h - 1
M nEDTA [
ZnEDTA 1-------------1------------- 1
0.090 0-100 0.110 0-120 0.130 0.140 0.150
D R Y  M A T T E R  Y I E L D  (g )
3 . IR O N  ( S T E M )
C H E L A T E  *f ------------- *.----- - +  — + ------------------------------------ ----
FeED TA  [
M nEDTA [
ZnEDTA I-------— — .— -
50. 75. 100. 125. 150. 175. 200.
M E T A L  C O N T E N T  ( m g .k g  )
4 . IR O N  (R O O T )
C H E L A T E
RzEDTA I-----------------1—■——— !— |
MnEDTA |-----------------»
ZnEDTA |----------------- 1------------------ 1
160. 200. 240. 280. 320. 360. 400.
M E T A L  C O N T E N T  ( m g . k g ' 1) ' '
F ig u r e  3. 2. 2. 2 continued
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5 . M A N G A N E S E  ( S T E M )
C H E L A T E
FeEDTA I  -------1
MnEDTA 
ZnEDTA
t ----------------------------- t ----------------- : f  -
280. 320. 360. 400. 440. 480. 520.
M E T A L  C O N T E N T  (m g . k g " 1)
6 . M A N G A N E S E  (R O O T )
C H E L A T E
T*
FeEDTA 1------------ ■---------
MnEDTA---------------------------- |------------- >----------- 1
ZnEDTA |-------------1----------- 1
265. 290. 315. 3AO. 365 390. 415.
M E T A L  C O N T E N T  ( m g .k g  )
7 . Z IN C  (S T E M )
C H E L A T E
FeEDTA 
MnEDTA }
Zn E DTA |—  ------  <------— — I
120. 160. 200. 240. 280. 320. 360.
M E T A L  C O N T E N T  ( m g .k g -1 )
8 . Z IN C  (R O O T )
C H E L A T E
FeEDTA--------------------------- i------ 1-------\
MnEDTA | h----
ZnEDTA-------------------------------------------|---------   1
- f ------------------- — t — ----------------+ ------------------------ 1------------------------►---------------------- +■
A90. 560. 630. 700. 770. 840. 910.
M ETAL CONTENT ( m g .k g '1)
106
c o u ld  b e  e x p e c te d  th a t  a l l  th r e e  c h e la te s  w o u ld  b e  e q u a lly  e f f e c t iv e .
I f ,  on th e  o th e r  h a n d , r o o t  g ro w th  (a n d  h e n c e  y ie ld  in c r e a s e s )  w e r e  th e  
r e s u l t  o f f r e e  E D T A  c o m p le x in g  a n d  r e m o v in g  c a lc iu m  f r o m  th e  c e l l  
w a l l  s t r u c tu r e  (W e in s te in  e t a l . , 1956 ) one w o u ld  e x p e c t , s in c e  i t  h a s  
th e  lo w e s t  s ta b i l i t y  c o n s ta n t, th a t  m a n g a n e s e  E D T A  w o u ld  b e  m o s t  
e f fe c t iv e .
L o w  m a n g a n e s e  le v e ls  a f t e r  a p p lic a t io n  o f  i r o n  E D T A  s u g g e s t  
th a t ,  d u r in g  u p ta k e , a n  a n ta g o n is t ic  r e la t io n s h ip  e x is ts  b e tw e e n  i r o n  
a n d  m a n g a n e s e . T h e r e  is  a  p a r a l l e l  m e n tio n e d  b y  C h e n g  (1 9 7 3 ). I t  is  
n o t c le a r  w h y  i r o n  E D T A  g iv e s  th e  lo w e s t  s te m  i r o n  c o n te n t. T h e  
o p p o s ite  c o u ld  h a v e  b e e n  a s s u m e d .
T h e  h ig h  le v e l  o f r o o t  z in c  fo u n d  fo l lo w in g  a p p l ic a t io n  o f  z in c  
E D T A  in f e r s  th a t  th e  c h e la te  is  a c t in g  as  a  m e t a l  c a r r i e r  t r a n s p o r t in g  
z in c  to  be  a b s o rb e d  a t  th e  r o o t .
T w o - w a y  a n a ly s is  o f v a r ia n c e  a ls o  s u g g e s te d  th a t ,  o v e r a l l ,  m e t a l  
c h e la te  a p p lic a t io n s  te n d e d , ( 1) to  in c r e a s e  s te m  le v e ls  o f m a n g a n e s e  
a n d  ir o n ,  ( 2 ) to  in c r e a s e  i r o n  in  th e  ro o t  (a lth o u g h  th is  is  n o t  
s t a t i s t ic a l ly  s ig n i f ic a n t ) ,  a n d  (3 )  to  d e c r e a s e  z in c  in  th e  r o o t .
T h e s e  t re n d s  a r e  i l l u s t r a t e d  in  F ig u r e  3 . 2 . 2 . 3 .
3 .3  C O N C L U S IO N S
I t  s e e m s  f r o m  th e s e  tw o  s e r ie s  o f e x p e r im e n ts  th a t  m e t a l - f r e e  
c h e la t in g  a g e n ts  (a t  le v e ls  u p  to  1 0 0 0  p g / 1 0 0  g s o i l )  a r e  n o t  p a r t i c u l a r l y  
e f fe c t iv e  in  c h a n g in g  y ie ld s  a n d  t r a c e  m e t a l  c o n te n ts  o f th is  b e a n  
s p e c ie s  ( P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r ) .
I r o n ,  m a n g a n e s e  a n d  z in c  c h e la te s  (a p p lie d  in  th e  s a m e  r a n g e )  
w e r e  r a t h e r  m o r e  s u c c e s s fu l b u t t h e i r  e ffe c ts  w e r e  n o t s t r a ig h t f o r w a r d .  
F o r  e x a m p le ,  in c r e a s in g  i r o n  E D T A  a p p lic a t io n s  r a is e d  i r o n  a n d  a ls o  
m a n g a n e s e  le v e ls .  M a n g a n e s e  E D T A  n o t o n ly  r a is e d  m a n g a n e s e  le v e ls  
b u t g av e  th e  h ig h e s t  i r o n  le v e ls  w h ile  p ro d u c in g  th e  lo w e s t  z in c  le v e ls .
O n  th e  o th e r  h an d , c h a n g in g  th e  le v e l  o f  a p p l ic a t io n  o f  z in c  E D T A  h a d
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F ig u r e  3. 2. 2. 3 T R E N D  D IA G R A M  -  th e  e f fe c t  o f  d i f f e r e n t  
a p p lic a t io n  r a te s  o f th r e e  m e ta l  c h e la te s  on t r a c e  
m e ta l  c o n te n t a n d  y ie ld .  M e a n s  o v e r  a l l  th r e e  
m e t a l  c h e la te s  w ith  p o o le d  s ta n d a r d  d e v ia t io n  f r o m  
tw o -w a y  a n a ly s is  o f  v a r ia n c e
1 . Y I E L D  ( S T E M )









0.180 0.200 0.220 0.240 0.260 0.280 0800
D R Y  M A T T E R  Y I E L D (g )
\
2 . Y I E L D  (R O O T ) -









0.080 0-090 0.100 0.110 0.120 0.130 0.140
D R Y  M A T T E R  Y I E L D  (g )
F ig u r e  3. 2. 2. 3 continued
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3 . IR O N  ( S T E M )
L E V E L *
1






8 I —  H
-50. 0. 50. 100- 150. 200. 250.
M E T A L  C O N T E N T  ( m g .k g  )
IR O N  (R O O T )






6 I------------- —'----- J
7  |------------   _ i
8 h-----------*--------  1
120. 180. 2A0. 300. 360. 420. 480.
M ETAL CONTENT (m g .k g  )
F ig u r e  3. 2. 2. 3 continued
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5 . M A N G A N E S E  ( S T E M )
L E V E L * '




5  | , 1
6 I----------- •----- — I
7 I-----------•--------- t
8----------------------------------- I-------------------1
250. 300. 350. 400. 450. 500. 550.
M E T A L  C O N T E N T  ( m g .k g "  )
6 . M A N G A N E S E  (R O O T )
L E V E L *
+■
1   — —
2  i------------------ ,-------------------1






250- 300. 350. 400. 450. 500. 550.
M E T A L  C O N T E N T  ( m g . k g '  )
F ig u r e  3. 2. 2. 3 continued
, 110
7 . Z IN C  (S T E M )









80. 160- 240- 320- 400. 480. 560.
M E T A L  C O N T E N T  ( m g .k g  )
8. Z IN C  (R O O T )









480. 540. 600. 660. 720. 780. 840.
M E T A L  C O N T E N T  ( m g .k g -1 )
*  L e v e ls  o f m e t a l  c h e la te  s u p p lie d  (p g /1 0 0 g  s o i l ) .
1 = 0 [j.g; 2 = 10 jxg; 3 = 50 ^g; 4 = 100 ^ig; 5 = 250  \ig; 6 = 500 jjig; 
7 = 750 (xg; 8 = 1, 000 p.g. ' . ’
n o  s ig n i f ic a n t  e f fe c t  in  d e c r e a s in g  o r  in c r e a s in g  z in c  le v e ls  a lth o u g h  
z in c  E D T A  d id  p ro d u c e  th e  h ig h e s t  le v e l  o f z in c  in  the  p la n t  r o o t .
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C H A P T E R  4  
A  U T O R A D IO G R A P H Y
4 .1  IN T R O D U C T IO N
A lth o u g h  m e ta l  c h e la te s  h a v e  b e e n  u s e d  f o r  m a n y  y e a r s  to  o v e r ­
c o m e  t r a c e  m e t a l  d e f ic ie n c ie s ,  th e  e x a c t  r o le  o f th e  c h e la t in g  a g e n t is  
n o t c o m p le te ly  c le a r .  S te w a r t  a n d  L e o n a r d  (19 52 ) o b s e rv e d  th a t  a  s in g le  
s o i l  a p p l ic a t io n  o f i r o n  E D T A  r e s u lte d ,  w ith in  s ix  w e e k s , in  a c o m p le te  
g r e e n in g  o f  c h lo r o t ic  le a v e s  on i r o n - d e f ic ie n t  g r a p e f r u i t  a n d  o ra n g e  t r e e s  
a n d  in  a h ig h e r  i r o n  c o n te n t in  t r e a te d ,  as  c o m p a re d  w ith  u n tr e a te d ,  t r e e s .  
C o n s e q u e n tly , th e y  p o s tu la te d  th a t  the  ro o ts  r e m o v e d  i r o n  f r o m  th e  c h e la te  
b y  io n  e x c h a n g e . B ro w n  a n d  T i f f i n  ( I9  60) d e c id e d  th a t  s o y b e a n  p la n ts  
g ro w in g  in  n u t r ie n t  s o lu tio n s  c o n ta in in g  i r o n  E D D H A  a b s o rb e d  th e  i r o n  
a n d  n o t th e  E D D H A . T h e y  r e a c h e d  th is  c o n c lu s io n  a f t e r  th e y  w e r e  a b le  
to  r e - f o r m  i r o n  E D D H A  b y  th e  a d d it io n  o f e x c e s s  i r o n  to  th e  n u t r ie n t  
s o lu t io n  in  w h ic h  th e  p la n ts  h a d  b e e n  g ro w n . A  s im i la r  r e s u l t  w a s  o b ta in e d  
w ith  s u n f lo w e r  p la n ts  ( T i f f i n  an d  B ro w n , 19 5 9 ).
A s  a  c o n s e q u e n c e  o f such  r e s u lts  i t  w a s  c o n c lu d e d  th a t  th e  c h e la t in g
a g e n t  a c te d  o n ly  as  a c a r r i e r  t r a n s p o r t in g  th e  m e ta l  to  th e  ro o ts  an d  w a s
n o t i t s e l f  a b s o rb e d . O th e r s ,  h o w e v e r , re a c h e d  a n  o p p o s ite  c o n c lu s io n .
F o r  e x a m p le , H i l l - C o t t in g h a m  (1 9 5 7 ) n o te d  th a t  th e  c o n c e n tr a t io n  o f
c h e la te d  i r o n  in  a n u t r ie n t  s o lu t io n  c o n ta in in g  i r o n  E D T A  d e c r e a s e d
w h e n  to m a to  p la n ts  w e r e  g ro w n  in  i t .  A s  th e r e  w a s  no s im u lta n e o u s
f o r m a t io n  o f f r e e  E D T A  h e  c o n c lu d e d  th a t  th e  i r o n  E D T A  h a d  b e e n  a b s o rb e d
in t a c t .  E x p e r im e n ts  w ith  m e ta l  c h e la te s  c o n ta in in g  r a d io a c t iv e ly  la b e l le d
c h e la t in g  a g e n ts  s u g g e s te d  th a t  a t le a s t  p a r t  o f th e  c h e la t in g  a g e n t, o r  a
d e c o m p o s it io n  p r o d u c t  o f i t ,  c an  e n te r  a p la n t  (W a lla c e  an d  N o r th ,  1953;
L e o n a r d  a n d  S te w a r t ,  1 9 5 3 ). A u to r a d io g r a p h s  o f s o y b ea n s  g ro w n  in  s o i l
14
t r e a t e d  w ith  D T P A  la b e l le d  w ith  C in  th e  c a r b o x y l g ro u p in g s  w o u ld
14
s e e m  to  c o n f ir m  th is  v ie w .  A b s o r p t io n  a n d  t r a n s lo c a t io n  o f th e  C w e r e  
e v e n  th ro u g h o u t th e  p la n t  a n d  th e  a u to r a d io g r a p h  in te n s ity  in c r e a s e d  w ith  
in c r e a s in g  le v e ls  o f D T P A  a p p lic a t io n  (H o lm e s  a n d  B ro w n , 1 9 5 5 ).
M o s t  r e c e n t  th e o r y  a p p e a rs  to  be  th a t  b o th  th e  m e ta l  a n d  th e
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c h e la t in g  a g e n t c o m p o n e n ts  o f a m e ta l  c h e la te  m a y  be a b s o rb e d  b y  th e  
ro o ts  b u t n o t n e c e s s a r i ly  in  e q u iv a le n t  a m o u n ts . T i f f i n  e t a l . ( I9 6 0 )  
e x a m in e d  th e  s te m  e x u d a te  f r o m  p la n ts  o f th r e e  s p e c ie s  ( z in n ia ,  s u n ­
f lo w e r  a n d  s o y b e a n ) w h o se  ro o ts  h a d  b e e n  p la c e d  in  n u t r ie n t  s o lu tio n s  
c o n ta in in g  i r o n  E D D H A . B o th  the  to ta l  i r o n  a n d  the  i r o n  E D D H A  c o n ­
c e n t r a t io n s  in  th e  e x u d a te  w e r e  fo u n d  to in c r e a s e  as th e  c o n c e n tr a t io n  of 
i r o n  E D D H A  in c r e a s e d  in  th e  n u t r ie n t  s o lu t io n . H o w e v e r ,  th e  to ta l  i r o n  
c o n c e n tr a t io n  w a s  a lw a y s  g r e a t e r  th a n  th e  c o n c e n tr a t io n  o f i r o n  as  i r o n  
E D D H A . T h e i r  c o n c lu s io n s  w e r e  th a t  a la r g e  p r o p o r t io n  o f th e  i r o n  
s e p a r a te d  f r o m  th e  i r o n  E D D H A  a t  th e  ro o t  s u r fa c e  an d  th a t , b e c a u s e  th e  
c h e la t in g  c a p a c ity  o f th e  n u t r ie n t  s o lu t io n  w a s  in c r e a s e d  a t  th e  e n d  o f th e
e x p e r im e n ts ,  th e  r e le a s e d  E D D H A  m u s t  h a v e  r e m a in e d  in  s o lu t io n .
59 15
W a l la c e  e t a l . (1 9 5 7 ) fo u n d  an  F e  : N  r a t io  o f 6 . 13 in  th e  ro o ts  o f  b u s h
. 59 15
b e a n s  t r e a t e d  w ith  F e  N  E D T A  w h ic h  m ig h t  s u g g e s t th a t  t h e r e  w a s
n o n -e q u iv a le n t  a b s o r p t io n  o f i r o n  and  c h e la t in g  a g e n t, a lth o u g h  th e
59
p o s s ib i l i t y  th a t  s o m e  o f th e  F e  h a d  b e e n  a d s o rb e d  o n to  th e  r o o t  s u r ­
fa c e  r a t h e r  th a n  a b s o rb e d  by i t  m u s t  be ta k e n  in to  c o n s id e r a t io n  as  a
59 15
c a u s e  o f  th e  h ig h  r a t io .  F e  : N  r a t io s  fo r  o th e r  p a r ts  o f th e  p la n t
( e n t i r e  le a f ,  1 .41 ; c e l l  d e b r is ,  1. 55; s te m ,0 . 9 8 ) a ls o  in d ic a te  th a t  t r a n s -  
59
lo c a t io n  o f th e  F e  an d  th e  c h e la t in g  a g e n t m a y  n o t be e q u iv a le n t .
I t  h as  b e e n  s u g g e s te d  th a t  th e  r e la t iv e  a m o u n ts  o f  i r o n  a n d  
c h e la t in g  a g e n t a b s o rb e d  d ep e n d  u p o n  th e  i r o n  s ta tu s  o f th e  p la n t  p r io r  
to  t r e a tm e n t .  H i l l - C o t t in g h a m  a n d  L lo y d -J o n e s  (19 65 ) m e a s u r e d  i r o n  
u p ta k e  f r o m  c u ltu r e  s o lu tio n s  b y  n o r m a l  an d  i r o n - d e f ic i e n t  p la n ts  a n d  
fo u n d  th a t  in  d e f ic ie n t  p la n ts  i r o n  a b s o r p t io n  w a s  r a p id  u n t i l  th e  fo u r th  
d a y . T h e r e a f t e r  th e  i r o n  c o n te n t o f th e  p la n t  r e m a in e d  c o n s ta n t. E D D H A  
a b s o r p t io n ,  h o w e v e r , w a s  s lo w  an d  s te a d y  th ro u g h o u t,b u t , e v e n  a f t e r  
t h i r t e e n  d a y s , h a d  n o t r e a c h e d  a v a lu e  e q u iv a le n t  to  th a t  o f  th e  i r o n  u p ­
ta k e  a f t e r  fo u r  d a y s . N o r m a l  p la n ts , on th e  o th e r  h a n d , a b s o r b e d  b o th  
i r o n  a n d  E D D H A  s lo w ly  a n d  s te a d ily  an d  in  e q u iv a le n t  a m o u n ts . W a lla c e  
e t  a l .  (1 9 5 7 ) c o n s id e r e d  th a t  th e  p H  o f th e  e x t e r n a l  s o lu t io n  a ls o  a f fe c te d  
th e  r e la t iv e  a m o u n ts  o f i r o n  a n d  E D D H A  a b s o rb e d  f r o m  i r o n  E D D H A  
s o lu t io n s .
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4 . 2 A I M  O F  T H IS  IN V E S T IG A T IO N
T h e  p u rp o s e  o f  th is  in v e s t ig a t io n  w a s  to  d e te r m in e  i f  a  r a d io ­
a c t iv e  la b e l  in c o r p o r a te d  in  s o m e  o f  th e  c h e la t in g  a g e n ts  u s e d  in  p o t a n d  
f i e l d  e x p e r im e n ts  (C h a p te r s  2  an d  3) c o u ld  be  a b s o rb e d  b y  b e a n  p la n ts .
T o  a c c o m p lis h  th is  an  a u to r a d io g r a p h ic  te c h n iq u e  w a s  u s e d .
4 . 3 E X P E R I M E N T A L
4 . 3. 1 M E T H O D
T h e  m e th o d  d e s c r ib e d  h e r e  w a s  b a s e d  on th e  s u g g e s tio n s  m a d e  
b y  Y a m a g u c h i a n d  C r a f t s  (1 9 5 8 ).
B e a n  p la n ts  (P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r )  w e r e  
p la n te d  (o n e  p e r  p o t) in  63 m m  d ia m e t e r  p la s t ic  f lo w e r  p o ts  c o n ta in in g  
100 g, 2 m m  s o il  in  f ie ld  m o is t  c o n d it io n . T h e  s o i l  u s e d  w a s  th a t  
d e s c r ib e d  in  C h a p te r  2 . T h e  p o ts  w e r e  k e p t  in  a g ro w th  c h a m b e r  
a d ju s te d  to  a 16 h o u r  d a y - le n g th  an d  a t e m p e r a t u r e  o f 2 4  C . A f t e r  
a p p r o x im a te ly  16 d a y s , th e  p la n ts , s t i l l  in  th e  p o ts , w e r e  t r a n s f e r r e d  to  
a  fu m e  c u p b o a rd  a t  r o o m  te m p e r a t u r e  to  h a r d e n  o f f  b e fo re  t r e a tm e n t .
L ig h t in g  w a s  as  b e fo re  a n d  th e  fu m e  c u p b o a rd  fa n  w a s  ru n  c o n s ta n tly .
3
T h e  p la n ts  w e r e  t r e a t e d  w ith  20  c m  o f  a  'd o p e d 1 c h e la t in g  a g e n t s o lu t io n ,  
s o i l  a p p lie d , 5 d ay s  a f t e r  t r a n s f e r  to  th e  fu m e  c u p b o a rd  o r  on th e  21st 
d a y  a f t e r  p la n t in g , w h ic h e v e r  c a m e  f i r s t  (p la n t in g  d ay  c o u n tin g  a s  d a y  1). 
A n  u p ta k e  t im e  o f 4 4  h o u rs  w a s  a llo w e d  fo r  b o th  E D T A  a n d  c i t r a t e  w h i le  
f o r  b ic a r b o n a te  o n ly  5 h o u rs  w a s  n e c e s s a r y .  D u r in g  th is  t im e  th e  d a y -  
le n g th  w a s  a d ju s te d  to  24  h o u rs  to  re d u c e  th e  p o s s ib i l i t y  o f  r a d io a c t iv i t y  
lo s s e s  d u r in g  t r a n s p ir a t io n .
A f t e r  u p ta k e , th e  p la n ts  w e r e  h a r v e s te d  a n d  c a r e f u l l y  w a s h e d  
in  d e io n is e d  w a te r  to  r e m o v e  a l l  t r a c e s  o f s o i l  f r o m  b o th  ro o ts  an d  
le a v e s .  E a c h  p la n t  w a s  p la c e d  on a s t i f f  s h e e t o f f i l t e r  p a p e r  a n d  c o v e r e d  
w ith  s e v e r a l  s h e e ts  o f a b s o rb e n t  p a p e r . P la n t  a n d  p a p e r  w e r e  th e n  
c la m p e d b e tw e e n  s h e e ts  o f th ic k  c a r d b o a r d  an d  th e  w h o le  a s s e m b ly  w a s  
d r ie d  f l a t  fo r  3 h o u rs  in  a n  o ve n  a t  8 0 ° C . O n c e  d r ie d  a n d  c o o le d , th e  
u p p e r  s h e e t o f c a r d b o a r d  a n d  the  la y e r s  o f a b s o rb e n t  p a p e r  w e r e  r e m o v e d  
a n d  a n  X - r a y  f i lm  w a s  la id  d i r e c t ly  up o n  th e  d r ie d  b e a n  p la n t .  T o  e n s u re
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m a x im u m  c o n ta c t  b e tw e e n  f i lm  and  p la n t ,a  s t i f f  c a r d  w a s  p la c e d  o v e r  th e  
f i l m  a n d , a s  a p r e c a u t io n  a g a in s t  fo g g in g , th e  c a r d  w a s  c o v e r e d  w ith  b la c k  
p a p e r .  T h e  p a p e r  h o ld in g  th e  p la n t , th e  p la n t , th e  f i l m ,  th e  c a r d  a n d  th e  
c o v e r in g  b la c k  p a p e r  w e r e  no w  f i r m l y  ta p e d  to  th e  u n d e r  s h e e t o f  c a r d ­
b o a r d . T h e  a b s o rb e n t  p a p e r  and  the  u p p e r  s h e e t o f c a r d b o a r d  w e r e  
r e p la c e d  on to p  o f  th e  p a c k  a n d  the  w h o le  a r r a n g e m e n t  w a s  c la m p e d  
t o g e th e r  a n d  w e ig h te d  w ith  s h e e ts  o f g la s s  to  m a in ta in  f la tn e s s  a n d  to  
im p r o v e  c o n ta c t . S to ra g e , f o r  e x p o s u re  o f th e  f i l m ,  w a s  in  a  l ig h t - t ig h t  
b o x .
3
C o n t r o l  p la n ts , t r e a te d  w ith  20 c m  d e io n is e d  w a te r  a t  the  
s a m e  t im e  as  th e  te s t  p la n ts  w e r e  t r e a te d ,  w e r e  h a n d le d  s i m i l a r l y  b u t  
s to r e d  s e p a r a te ly .
4 . 3 . 2  N O T E S  O N  T H E  M E T H O D
(1) C h e la t in g  a g e n ts
T h o s e  u s e d  w e r e  (1, 5 - C 14) c i t r i c  a c id  m o n o h y d r a te , s o d iu m  
(C 1 4 ) b ic a r b o n a te  a n d  e th y le n e d ia m in e te t r a  -  (2  -  C 14 ) -  a c e t ic  a c id ,  
s o d iu m  s a lt .
( 2 )  'D o p e d * c h e la t in g  a g e n t s o lu t io n s
T h e s e  w e r e  m a d e  as  fo l lo w s :
3( i )  b ic a r b o n a te :  1 c m  o f s o d iu m  b ic a r b o n a te  s o lu t io n  (5
3 3r r C u r ie s / c m  ) w a s  m a d e  to  1 0 0  c m  w ith  d is t i l l e d  w a t e r .
3 30 . 5 c m  o f  th is  d ilu te d  s o lu t io n  w a s  a d d e d  to  2 5 0  c m  o f
a  s o d iu m  b ic a r b o n a te  s o lu t io n  (3  p p m  b ic a r b o n a te  io n )
3
a n d  th e  2 0  c m  q u a n t it ie s  u s e d  in  th e  e x p e r im e n t  w e r e  _ 
ta k e n  f r o m  th is .
( i i )  c i t r a t e :  th e  c h e la t in g  a g e n t -  s u p p lie d  as  a s o l id  (2 5 0
3 , 3
p C u r ie s )  -  w a s  d is s o lv e d  in  2 5  c m  d is t i l le d  w a t e r .  1 c m
3
o f th is  r a d io a c t iv e  s o lu t io n  w a s  a d d e d  to 1 0 0  c m  o f a
3
t r i - s o d iu m  c i t r a t e  s o lu t io n  (3  p p m  c i t r a t e ) .  T h e  20  c m  
a liq u o ts  f o r  th e  e x p e r im e n t  w e r e  ta k e n  f r o m  th is .
( i i i )  E D T A :  T h is ,  a ls o  s u p p lie d  as a  s o l id  (2 5 0  p C u r ie s ) ,
3 3
w a s  d is s o lv e d  in  25 c m  d is t i l l e d  w a t e r .  1 c m  o f  th is
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r a d io a c t iv e  s o lu t io n  w a s  a d d e d  to  1 0 0  c m  o f  a  d i -s o d iu m
3
E D T A  s o lu t io n  (3  p p m  E D T A )  a n d  th e  r e q u ir e d  20  c m  
c a m e  f r o m  th is  s to c k  s o lu t io n .
(3 )  D r y in g  th e  p la n ts
I t  w a s  n e c e s s a r y  to  d r y  th e  t r e a te d  p la n ts  b e fo r e  p la c in g  th e m  
in  c o n ta c t  w ith  th e  X - r a y  f i lm ,  f o r  tw o  re a s o n s :
( i )  to  p r e v e n t  t r a n s lo c a t io n  o f a n y  r a d io a c t iv e  la b e l  w i t h in  
th e  p la n t  a f t e r  i t  w a s  h a r v e s te d  an d  w h ile  i t  w a s  e x p o s e d  
to  th e  f i lm .  T r a n s lo c a t io n  a f t e r  h a r v e s t in g  w o u ld  r e s u l t  
in  p ro d u c t io n  o f a n  im a g e  w h ic h  d id  n o t r e f l e c t  th e  
s itu a t io n  w ith in  th e  p la n t  a t  th e  in s ta n t  o f h a r v e s t in g ,
( i i )  to  e n s u re  th a t  no v a p o u rs  w o u ld  be p ro d u c e d  d u r in g
e x p o s u re  w h ic h  m ig h t  c o n ta in  s o m e  r a d io a c t iv e  la b e l .  
Such  v a p o u rs  c o u ld  be e x p e c te d  i f  the  p la n t  w e r e  
a llo w e d  to  d r y  n a t u r a l ly  w h ile  in  c o n ta c t  w ith  th e  f i lm ,  
w ith  th e  p o s s ib i l i t y  o f fo g g in g .
A  3 h o u r  d r y in g  p e r io d  w a s  fo u n d  to  be m o s t  s u ita b le . A  
s h o r t e r  t im e  p ro d u c e d  a p la n t  w h ic h  s t i l l  c o n ta in e d  s o m e  sap , w h ile  a  
lo n g e r  t im e  g a v e  one w h ic h  w a s  to o  b r i t t l e  to  h a n d le . A  t e m p e r a t u r e  o f  
8 0 ° C  e n s u r e d  f a i r l y  r a p id  d r y in g .  H ig h e r  a n d  lo w e r  te m p e r a t u r e s  w e r e  
u n s u ita b le  -  th e  f o r m e r  b e c a u s e  th e  th in n e r  p a r ts  o f th e  p la n t  b e c a m e  
v e r y  b r i t t l e  a n d  th e  l a t t e r  b e c a u s e  th is  r e s u lte d  in  an  u n a c c e p ta b ly  lo n g  
d r y in g  t im e  w ith  a n  in c r e a s e d  r i s k  o f  t r a n s lo c a t io n  o c c u r r in g .
(4 )  X - r a y  f i l m
K o d a k  K o d ir e x  f i lm .
( 5 )  E x p o s u r e  t im e
T h e  e x p o s u re  t im e s  v a r ie d  w ith  th e  c h e la t in g  a g e n t a n d  a r e  
g iv e n  b e lo w :
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T able 4. 3. 2. 1 E xp osu re tim e s  for each  ch elatin g  agent
C h e la t in g  a g e n t E x p o s u r e  t im e
(d a y s )
B ic a r b o n a te 33
C i t r a t e 29
E D T A 3 6
C o n t r o ls  c o r re s p o n d in g  to  th e s e  t r e a tm e n t s  w e r e  e x p o s e d  f o r  
th e  s a m e  le n g th  o f t im e  an d  w e r e  d e v e lo p e d  a t th e  s a m e  t im e .
( 6 ) D e v e lo p m e n t  o f f i lm
I l f o r d  P h e n is o l d e v e lo p e r  an d  I l f o r d  H y p a m  r a p id  f i x e r  w e r e  
u s e d , p r e p a r e d  a c c o r d in g  to  th e  m a n u f a c t u r e r 's  in s t r u c t io n s ,  w ith  
a g i ta t io n  as r e c o m m e n d e d . D e v e lo p m e n t  w a s  f o r  10 m in u te s ,  th e  i n t e r ­
m e d ia te  w a s h  5 m in u te s  in  ru n n in g  w a t e r  a n d  f ix a t io n  10 m in u te s ,  a l l  a t  
r o o m  t e m p e r a t u r e .  T h e  f in a l  w a s h  o f 30 m in u te s  w a s  fo l lo w e d  b y  d r y in g  
in  a  f o r c e d -d r a u g h t  o v e n  f o r  a p p r o x im a te ly  4 5  m in u te s .
4 . 4  R E S U L T S  A N D  D IS C U S S IO N
T h e  r e s u lts  a r e  i l l u s t r a t e d  in  th e  a u to r a d io g r a p h s , F ig u r e s
4 . 4 . 1  a n d  4 . 4 . 2 .  T h e  a u to ra d io g ra p h s  o f th e  c o n tr o l p la n ts  c a n n o t b e  
sh o w n , n o r  th o s e  o f th e  c i t r a t e  t r e a te d  p la n ts , th e  n e g a t iv e s ,  in  a l l  
c a s e s , b e in g  to o  f a in t  to  p r in t .  F r o m  v is u a l  e x a m in a t io n  o f th e s e ,  
h o w e v e r ,  a  d e s c r ip t io n  is  g iv e n .
14 -  14
In  th e  C -  H C O ^  t r e a t e d  p la n t  th e  C  s e e m s  to  b e  f a i r l y
e v e n ly  d is t r ib u te d  th ro u g h o u t th e  s te m  a n d  le a v e s  e x c e p t f o r  a  s l ig h t ly
g r e a t e r  a c c u m u la t io n  in  th e  n e w e r  t r i f o l i a t e s .  T h is  is  in d ic a te d  b y  a
v e r y  s l ig h t ly  h ig h e r  in te n s ity  in  th e s e  le a v e s  as  c o m p a r e d  w ith  th e
14
o ld e r  o n es . T h e  in te n s ity ,  a n d  h e n c e  th e  C a c c u m u la t io n ,  is  v e r y  
m u c h  g r e a t e r  in  th e  ro o ts  th a n  e ls e w h e r e  in  th e  p la n t .  T h is  m a y  h a v e  
o c c u r r e d  b e c a u s e  th e  p la n t  ro o ts  w e r e  v e r y  n e a r ,  o r  a c t u a l ly  on , th e  
s o i l  s u r fa c e .  C o n ta c t  w ith  the  t r e a t m e n t  s o lu t io n  w o u ld , a lm o s t  
in e v i t a b ly ,  r e s u l t  in  a b s o r p t io n  in to  th e  r o o ts .
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F ig u r e  4 . 4 . 1 A u to r a d io g r a p h  o f th e  b e a n  P h a s e o lu s  v u lg a r is  v a r .
C a n a d ia n  W o n d e r  -  r a d io a c t iv e  s o u rc e , s o i l - a p p l ie d  
14_
c - h c o 3
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F ig u r e  4. 4. 2 A utoradiograph of the bean P h a seo lu s  v u lg a r is  var .
C a n a d ia n  W o n d e r  -  r a d io a c t iv e  s o u rc e , s o i l - a p p l ie d  
14
C - E D T A
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14
T h e  c o n t r o l  p la n t  f o r  th is  t r e a tm e n t  sho w s s o m e  C a c c u m u la t io n
in  th e  n e w e r  le a f  g ro w th . D is t r ib u t io n  in  th e  o th e r  le a f  g ro w th  is  f a i r l y
e v e n . N o  r a d io a c t iv e  r e a g e n t  w a s  s u p p lie d  to  th is  p la n t  a n d  th e  s o u rc e  
14
o f  th is  C w o u ld  be f r o m  th e  a i r  by  p h o to s y n th e s is . T h is  s u g g e s ts  th a t ,
14
e i t h e r  th e  C  -  H C O  s u p p lie d  to  th e  t r e a te d  p la n t  w a s  b e in g  d e c o m p o s e d
14 14in  th e  s o i l  w ith  th e  r e le a s e  o f C O  (g ), o r  th a t  C O  (g )  w a s  p ro d u c e d
d u r in g  th e  r e s p i r a t io n  o f the  t r e a te d  p la n t , o r  as a  c o m b in a t io n  o f th e s e .
T h e  lo w e r  s te m  a n d  th e  ro o ts  o f th e  c o n tr o l p la n t  in d ic a te  o n ly  v e r y  s m a l l
14 14
q u a n t it ie s  o f  C  a r e  p r e s e n t  an d  i t  m ig h t  be in f e r r e d  th a t  th e  C in  th is
14
p la n t  w a s  o b ta in e d  b y  p h o to s y n th e s is  and  o r ig in a te d  in  th e  C -  H C O ^  
s u p p lie d  to  th e  te s t  p la n t .
14
T h e  C -  c i t r a t e  t r e a te d  p la n t  g av e  o n ly  a v e r y  f a in t  d a r k e n in g
on th e  f i l m .  C lo s e  e x a m in a t io n  o f th e  n e g a tiv e  s h o w e d  a v e r y  e v e n  d is -  
14
t r ib u t io n  o f  C  th ro u g h o u t le a f  a n d  s te m  w ith  no a p p a r e n t  in c r e a s e  m
14
in t e n s i ty  a t  a n y  p o in t. A g a in , as  in  th e  C -  H C O ^  c a s e , th e  g r e a te s t  
in t e n s i ty  w a s  fo u n d  in  th e  r o o t  an d  c o u ld  p r o b a b ly  be e x p la in e d  in  th e  
s a m e  w a y .
In  th is  c a s e  th e  c o n tr o l p la n t  g ave  no im a g e , w h ic h  s u g g e s ts
14 14
th a t  t h e r e  w a s  no  r e le a s e  o f C  (g ) to  th e  e n v ir o n m e n t  f r o m  th e  C  -
c i t r a t e  s u p p lie d  to  th e  te s t  p la n t .
14 14
T h e  C -  E D T A  t r e a te d  b e a n  s h o w e d  v e r y  l i t t l e  C  in  th e  s te m .
T h e  le a v e s  a n d  th e  ro o ts  w e r e  e q u a lly  d a r k e n e d , h o w e v e r ,  a n d  t h e r e
14
w a s  s o m e  s lig h t  in d ic a t io n  o f C a c c u m u la t io n  in  th e  n e w e r  le a f  g ro w th .
In  in d iv id u a l  le a v e s  th e r e  a p p e a rs  to  be  l i t t l e  o r  no  in  th e  v e in s , b u t
th e  r e la t iv e l y  d a r k e r  in t e r v e in a l  a r e a s  s u g g e s t th a t  th e r e  h as  b e e n  a 
14
m ig r a t io n  o f C  to w a rd s  th e  le a f  e d g e s .
T h e  c o n t r o l  p la n t  d id  n o t p ro d u c e  a n  im a g e  a n d  th u s  i t  a p p e a rs
14 14
th a t  t h e r e  w a s  no r e le a s e  o f C (g )  f r o m  C -  E D T A  d u r in g  th e
p e r io d  o f  th e  e x p e r im e n t .
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4 . 5 CONCLUSIONS
14
(1) A b s o r p t io n  o f C in to  th e  ro o t  o c c u rs  w ith  a l l  th r e e  
c h e la t in g  a g e n ts .
14( 2 )  T r a n s lo c a t io n  o f C f r o m  th e  r o o t  in to  th e  le a v e s  a ls o  
o c c u rs  in  a l l  th r e e  c h e la tin g  a g e n ts , a lth o u g h  th is  s e e m s  
le s s  p ro n o u n c e d  w ith  c i t r a t e  th a n  w ith  E D T A  a n d  b i c a r ­
b o n a te .
( 3 )  C a r e f u l  e x a m in a t io n  o f the  n e g a tiv e s  o b ta in e d  f r o m  c o n tr o l  
p la n ts  r e v e a le d  a f a in t  im a g e  o f le a v e s  a n d  u p p e r  s te m  in  
th e  c a s e  o f  b ic a rb o n a te  b u t no  d e te c ta b le  im a g e  w ith  e i th e r
E D T A  o r  c i t r a t e .  T h e  o r ig in  o f th is  m u s t  h a v e  b e e n  in
14 14
C O  (g )  f r o m  b re a k d o w n  o f th e  C -  H C O  s u p p lie d  to
14
th e  t r e a te d  p la n t . T h is  C  (g ), once  in  th e  a tm o s p h e r e ,  
w o u ld  b e c o m e  a v a i la b le  to  th e  c o n tro ls  to  be ta k e n  up  p h o to -  
s y n th e t ic a l ly .
14
(4 )  F in a l ly ,  i t  is  re c o g n is e d  th a t  th e  p re s e n c e  o f C  in s id e  
th e  p la n t  does n o t im p ly  th a t  th e  w h o le  c h e la t in g  a g e n t  
m o le c u le  h as  b e e n  a b s o rb e d  b y  th e  p la n t  a n d  t r a n s lo c a te d
w it h in  i t .  T h e  e x p la n a t io n  m o s t  l i k e ly  is  th a t  p a r t  o f th e
, 14 , , , 1 4_  . .m o le c u le  c o n ta in in g  th e  C la b e l ,  o r  a C -  c o n ta in in g
m e ta b o l ic  p ro d u c t , h as  b e e n  a b s o rb e d  a n d  t r a n s lo c a te d .
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C H A P T E R  5
R E V IE W  O F  T H E  P R O J E C T  A N D  P O S S IB L E  F U T U R E  W O R K
5 . 1 R E V IE W
A s  s ta te d  in  C h a p te r  2 th e  a im s  o f  th e  th e s is  w e r e :
( i )  to  d e te r m in e  w h e th e r  m e t a l - f r e e  c h e la t in g  a g e n ts  a l t e r
th e  t r a c e  m e ta l  c o n te n t o f  a p a r t ic u la r  p la n t  s p e c ie s ,
( i i )  to  d e te r m in e  w h e th e r  a p p lic a t io n  r a te s  lo w e r  th a n  th e
u s u a l a r e  e f fe c t iv e ,
( i i i )  to  d e te r m in e  w h e th e r  lo w  le v e ls  o f c h e la t in g  a g e n t, in
a f ie ld  s itu a t io n , w o u ld  c h a n g e  th e  t r a c e  m e ta l  c o n te n t  
a n d  y ie ld  o f a p a r t ic u la r  p la n t  s p e c ie s .
T h e  e x p e r im e n ta l  w o r k  d e s c r ib e d  in  C h a p te rs  2 a n d  3 h as  p a r t ly  
s a t is f ie d  th e s e  o b je c t iv e s  a n d  a s u m m a r y  o f r e s u lts  fo l lo w s .
In  C h a p te r  2, p o t e x p e r im e n ts  sh o w ed  th a t  lo w  le v e ls  (0  -  150 jjLg/  
100 g s o i l )  o f  E D D H A , E D T A  a n d  2 ~ k e to g lu c o n ic  a c id , s o i l  a p p lie d  to  
a c id  a n d  l im e d  s o i ls ,  h a d  no s ig n if ic a n t  e f fe c t  u p o n  t r a c e  m e ta l  c o n te n t  
o r  y ie l d  in  th e  b e a n  P h a s e o lu s  v u lg a r is  v a r .  C a n a d ia n  W o n d e r . A lth o u g h  
n o t p r e s e n te d  in  th is  th e s is , c i t r a t e  an d  b ic a r b o n a te  g a v e  s i m i la r  
r e s u lt s  on a c id  s o i l.
S o il  a p p lic a t io n s  in  th e  f ie ld ,  a t  th e  s a m e  r a t e ,  to  th e  s a m e  
s p e c ie s , w ith  th e  c h e la t in g  a g e n ts  b ic a r b o n a te , c i t r a t e ,  E D D H A  a n d  
2 -k e to g lu c o n ic  a c id  w e r e  a ls o  fo u n d  to  h a v e  no  s ig n i f ic a n t  e f fe c t .
In  C h a p te r  3, f u r t h e r  p o t e x p e r im e n ts  on a c id  s o i l ,  u s in g  h ig h e r  
le v e ls  (0  -  1000 |j.g /100  g s o il)  o f  c i t r a t e ,  E D T A  an d  2 -k e to g lu c o n ic  
a c id ,  w h i le  n o t p ro d u c in g  s t a t is t ic a l ly  s ig n i f ic a n t  e f fe c ts ,  d id  show  
s o m e  t r e n d s  w h ic h  in d ic a te  th a t  c h e la t in g  a g e n ts  m a y  be a b le  to  
in f lu e n c e  y ie ld  a n d  t r a c e  m e ta l  c o n te n t. In c r e a s in g  th e  le v e l  o f  c i t r a t e  
a p p lie d ,  te n d e d  to  in c r e a s e  s te m  i r o n  le v e ls  a n d  s te m  a n d  r o o t  z in c  
le v e ls  w h ile  d e c re a s in g  m a n g a n e s e  in  th e  r o o t .  E D T A  te n d e d  to  
in c r e a s e  r o o t  y ie ld ,  r o o t  i r o n  an d  s te m  z in c  a n d  to  d e c r e a s e  r o o t
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m a n g a n e s e  a n d  z in c . T h e  e f fe c ts  w e r e  s lig h t .  F in a l ly ,  w ith  2 - k e t o ­
g lu c o n ic  a c id ,  t h e r e  w a s  a s m a l l  in c r e a s e  in  s te m  z in c  a n d  s te m  m a n g a n e s e  
a n d  a  s l ig h t  d e c r e a s e  o f z in c  in  th e  r o o t .
In  th e  s a m e  c h a p te r , t r e a tm e n t  w ith  i r o n ,  m a n g a n e s e  a n d  z in c  
E D T A ,  a t  r a te s  u p  to  1000 (ag /100 g s o i l ,  d id  h a v e  s o m e  in f lu e n c e  up o n  
t r a c e  m e t a l  le v e ls .  In c r e a s in g  th e  le v e l  o f i r o n  E D T A  in c r e a s e d  i r o n  
a n d  m a n g a n e s e  in  th e  s te m  a n d  m a n g a n e s e  in  the  r o o t .  M a n g a n e s e  
E D T A  in c r e a s e d  m a n g a n e s e  in  th e  s te m  a n d  r o o t  a n d  d e c r e a s e d  z in c  in  
th e  r o o t .  Z in c  E D T A  h a d  no s ig n if ic a n t  e f fe c t  up o n  y ie ld  o r  t r a c e  m e t a l  
c o n te n t, b u t i t  d id  g iv e  th e  h ig h e s t  c o n te n t o f z in c  in  th e  r o o t .
In  C h a p te r  4 , a u to ra d io g ra p h s  o b ta in e d  u s in g  b ic a r b o n a te ,  c i t r a t e
14 14
a n d  E D T A ,  a l l  C - la b e l le d ,  sh o w e d , in  e a c h  c a s e , th a t  s o m e  C -
14
c o n ta in in g  p a r t  (o r  s o m e  C -c o n ta in in g  m e ta b o lic  p ro d u c t)  o f th e
14
c h e la t in g  a g e n t w a s  a b s o rb e d  in to  th e  r o o ts . In  th e  th r e e  c a s e s  th e  C
w a s  a ls o  t r a n s lo c a te d  to  the  le a v e s ,  a lth o u g h  th is  s e e m e d  le s s  p ro n o u n c e d
w it h  c i t r a t e  th a n  w ith  E D T A  a n d  b ic a r b o n a te . F r o m  c o n s id e r a t io n  o f
th e  c o n t r o l  p la n ts , i t  a p p e a rs  th a t  th e r e  w a s  s o m e  b re a k d o w n  o f  th e
14
c h e la t in g  a g e n ts  (e s p e c ia l ly  b ic a r b o n a te ) ,  w ith  r e le a s e  o f C O _  gas  
to  th e  a tm o s p h e r e .  I t  w a s  n o t p o s s ib le  to  d e te r m in e  f r o m  th e s e  e x p e r i ­
m e n ts  i f  b re a k d o w n  o c c u r r e d  b y  c h e m ic a l  o r  m ic r o b ia l  a c t iv i t y  in  th e  
s o i l ,  b y  p la n t  a c t iv i t y  o r  b y  s o m e  c o m b in a t io n  o f a l l  o f  th e s e .
5 . 2 M O D IF IC A T IO N S  T O  T H E  M E T H O D
In  s o m e  e x p e r im e n ts  th e  d e g re e  o f  c o n tr o l m a y  b e  su ch  th a t  
v a r ia t io n s  b e tw e e n  r e p l ic a te s  is  v i r t u a l ly  e l im in a te d .  In  e x p e r im e n ts  
in v o lv in g  p la n ts , h o w e v e r ,  such  a m e a s u r e  o f c o n t r o l  is  n o t p o s s ib le .
In  th e  f i r s t  p la c e , tw o  p la n ts , e v e n  o f  th e  s a m e  s p e c ie s  a n d  u n d e r  
id e n t ic a l  e x p e r im e n ta l  c o n d it io n s , m a y  n o t re s p o n d  id e n t ic a l ly  in  
t e r m s  o f g ro w th  a n d  n u t r ie n t  u p ta k e . In  th e  s e c o n d  p la c e ,  in  th e  
n o r m a l  p r e p a r a t io n  o f  th e  s o i l ,  c o m p o s it io n  m a y  v a r y  f r o m  r e p l ic a t e  
to  r e p l ic a t e .  A t  th e  o u ts e t , i t  w a s  re c o g n is e d  th a t  in  th e s e  e x p e r im e n ts  
t h e r e  w o u ld  be v a r ia t io n  in  r e s u lts  f r o m  r e p l ic a t e s .  In  s o m e  in s ta n c e s ,  
h o w e v e r ,  t h e r e  w a s  an  u n a c c e p ta b ly  la r g e  v a r ia t io n .  T w o  p ro b a b le  
f a c to r s  c o n tr ib u t in g  to  th is  e x c e s s iv e  v a r ia t io n  a r e ,  (1) s o i l  c o n -
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t a m in a t io n  ( e s p e c ia l ly  in  ro o t  m a t e r ia l )  an d , ( 2 ) d e f ic ie n c ie s  in  
s a m p lin g  m e th o d . M o d if ic a t io n s  to  re d u c e  v a r ia t io n  f r o m  th e s e  tw o  
s o u rc e s  a r e  p ro p o s e d  as fo l lo w s .
5 . 2 . 1  M O D IF IC A T IO N S  T O  R E D U C E  C O N T A M IN A T IO N
In  th e  p o t e x p e r im e n ts ,  v a r ia t io n  b e tw e e n  r e p l ic a t e s  w a s  g r e a te s t ,  
a n d  o c c u r r e d  m o s t  f r e q u e n t ly ,  in  r o o t  s a m p le s , s u g g e s tin g  th a t  a  
m a jo r  s o u rc e  o f  c o n ta m in a t io n  m a y  h a v e  b e e n  f r o m  s o i l  a d h e r in g  to  
th e  p la n t  m a t e r ia l .  In  th e  f ie ld  e x p e r im e n t ,  h o w e v e r ,  le a f  s a m p le s  
w e r e  as  s u b je c t  to  v a r ia t io n  as  r o o t  s a m p le s  b u t, a g a in , s o i l  c o n ­
ta m in a t io n  w a s  th e  m o s t  p ro b a b le  c a u s e . S o m e , b u t n o t a l l ,  o f  th e  le a f  
c o n ta m in a t io n  c o u ld  h a v e  b e e n  p r e v e n te d  b y  s ta k in g  a n d  t ie in g  th e  
p la n ts .  H o w e v e r ,  th e  p r o b le m s  o f r o o t  c o n ta m in a t io n  a n d  r e m o v a l  o f  
r e s id u a l  s o i l  f r o m  le a v e s  r e m a in .  Im p r o v e d  w a s h in g  p r o c e d u r e s  
m ig h t  re d u c e  c o n ta m in a t io n  f r o m  th e s e  s o u rc e s . W a l la c e  e t  a l . (197 6 ) 
an d  W a l la c e  a n d A le x a n d e r  (1973 ) u s e d  0 .1  M  h y d r o c h lo r ic  a c id  an d  
d e io n is e d  w a te r  w a s h e s  in  p r e p a r a t io n  o f l e a f  m a t e r i a l  f o r  m e ta l  
a n a ly s is .  L a b a n a u k a s  (1 9 6 8 ) w a s h e d  c i t r u s  le a v e s  in  d e te r g e n t  a n d  
r in s e d  in  3 % h y d r o c h lo r ic  a c id  to  re d u c e  c o n ta m in a t io n  f r o m  f o l i a r  
s p r a y s .  J e f f r e y s  a n d  W a lla c e  (1 9 6 8 ), d e te r m in in g  i r o n  E D D H A  in  
p la n t  t is s u e , w a s h e d  le a v e s  s u c c e s s iv e ly  in  d ilu te  d e te r g e n t ,  ru n n in g  
ta p  w a te r  a n d  d e m in e r a l iz e d  w a t e r .
R e p e a te d  w a s h in g s  m ig h t  be e x p e c te d  to  r e s u l t  in  lo s s  o f  s o m e  
o f  th e  m o r e  s o lu b le  in o r g a n ic  m a t e r i a l  ( P ip e r  q u o te d  b y  S te y n , 1 9 5 9 ).
T h e  w a s h in g  r e g im e  m o s t  e f fe c t iv e  in  r e d u c in g  c o n ta m in a t io n , w i t h  
m in im u m  lo s s  th ro u g h  le a c h in g , can  o n ly  be d e te r m in e d  b y  e x p e r im e n t .
5 . 2 . 2 M O D IF IC A T IO N S  T O  T H E  S A M P L IN G  T E C H N IQ U E
W e r e  f u r t h e r  p o t an d  f ie ld  e x p e r im e n ts  to  be c o n d u c te d  th e  
m e th o d  o f  s a m p le  c o l le c t io n  w o u ld  be c h a n g e d .
In  th e  p o t e x p e r im e n ts ,  e a c h  r e p l ic a t e  c o n s is te d  o f o n ly  o n e  
p la n t  a n d , c o n s e q u e n tly , th e  q u a n t ity  o f  m a t e r i a l  c o l le c te d  f o r  a n a ly s is  
w a s  s m a l l .  F o r  r o o t  a n a ly s is  p a r t ic u la r ly ,  i t  w a s  s o m e t im e s  n e c e s s a r y  
to  u s e  a l l  th e  m a t e r i a l  c o l le c te d  to  o b ta in  a  s u f f ic ie n t ly  la r g e  s a m p le .
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I t  w o u ld  be d e s ir a b le  to  h a v e  m o r e  m a t e r ia l  f o r  a n a ly s is  b u t w ith o u t  
in c r e a s in g ,  to  a n  u n m a n a g e a b le  le v e l ,  th e  to ta l  n u m b e r  o f s a m p le s .
T h is  c o u ld  be a c h ie v e d  b y  in c r e a s in g  th e  n u m b e r  o f p la n ts  p e r  p o t, b y  
b u lk in g  th e  m a t e r i a l  f r o m  e a c h  p o t an d  s u b -s a m p lin g  fo r  a n a ly s is .
T h is  w o u ld  r e q u i r e  a l a r g e r  p o t an d  the  q u a n t ity  o f s o i l  and  th e  v o lu m e  o r  
c o n c e n t r a t io n  o f  c h e la t in g  a g e n t w o u ld  n e e d  to  be m o d if ie d .  A l t e r n a t iv e ly ,  
th e  n u m b e r  o f  s in g le  p la n t  r e p l ic a te s  p e r  t r e a tm e n t  m ig h t  be  in c r e a s e d ,  
b u lk e d  a n d  sub s a m p le d .
In  th e  f ie ld  e x p e r im e n t ,  th e  p r o b le m , a t  h a r v e s t ,  w a s  th a t  to o  
m u c h  r a t h e r  th a n  to o  l i t t l e  m a t e r ia l  w a s  p ro d u c e d . T h is  m a d e  r a p id  
p r e p a r a t io n  o f m a t e r ia l  fo r  a n a ly s is  e x t r e m e ly  d i f f ic u l t .  S o m e  
m a t e r ia l ,  s to r e d  in  f ie l d  c o n d it io n , w a s  lo s t  th ro u g h  r o t t in g .  T h e  
p r o b le m  w a s  le s s  a c u te  w ith  r o o t  m a t e r ia l  b e c a u s e  le s s  w a s  p ro d u c e d  
a n d  i t  w a s  e a s ie r  to  c le a n  a n d  le s s  l i k e ly  to  r o t  w h e n  s to re d  in  th e  
f i e l d  c o n d it io n .
A s  a n  a l t e r n a t iv e  to  h a r v e s t in g  th e  w h o le  p la n t ,  a r e d u c t io n  in  
th e  q u a n t ity  o f le a f  m a t e r i a l  c o l le c te d  m ig h t  be e f fe c te d  b y  r e m o v in g  
o n ly  r e p r e s e n t a t iv e  s a m p le s  ( fo r  e x a m p le , th e  m id d le  le a f  o f  e a c h  t r i ­
f o l ia t e ) .  W e r e  m a t e r i a l  so c o l le c te d  to  be g iv e n  a n  i n i t i a l  w a s h  in  th e  
f ie ld ,  t h e r e  w o u ld  be a re d u c t io n  in  w o r k  a n d  in  th e  t im e  r e q u ir e d  f o r  
s a m p le  p r e p a r a t io n  in  th e  la b o r a t o r y .  A l t e r n a t iv e ly ,  th e  w o r k  m ig h t  
b e  s p r e a d  o v e r  a  lo n g e r  p e r io d  b y  s ta g g e r in g  t r e a t m e n t  a n d  h a r v e s t  
t im e s ,  w h i le  m a in ta in in g  th e  s a m p le  s iz e  a t th e  o r ig in a l  le v e l .
5 .3  S U G G E S T IO N S  F O R  F U T U R E  W O R K
In  th e  c o u rs e  o f th e  w o r k  d e s c r ib e d  m a n y  a r e a s  s u g g e s te d  t h e m ­
s e lv e s  f o r  fu tu r e  r e s e a r c h  an d  s o m e  a r e  o u t l in e d  b e lo w .
T h e  w o r k  to  d a te  s u g g e s ts  th a t  c h e la t in g  a g e n ts  ( t r a c e  m e ta l  
f r e e )  a r e  n o t p a r t i c u la r ly  e f fe c t iv e  in  c h a n g in g  t r a c e  m e ta l  le v e ls  in  
p la n ts . H o w e v e r ,  i t  m a y  be th a t  th e r e  is  a c r i t i c a l  a p p lic a t io n  le v e l  
b e lo w  w h ic h  a g e n ts  a r e  n o t e f fe c t iv e .  O n e  a r e a  o f r e s e a r c h  w o u ld  b e  
to  d e te r m in e  i f  s u c h  a  c u t - o f f  p o in t e x is ts  a n d , i f  so, i t s  r e la t io n s h ip  
w ith  c h e la t in g  a g e n t, p la n t  s p e c ie s  a n d  s o i l  ty p e .
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T h e  a p p l ic a t io n  m e th o d  is  k n o w n  to  in f lu e n c e  th e  e f fe c t iv e n e s s  
o f  c e r t a in  m o r e  c o n v e n t io n a l f e r t i l i z e r s .  F o r  e x a m p le ,  B o a w n  (1 9 7 3 )  
n o te d  th a t  b a n d -a p p lie d  z in c  s u lp h a te  h a d  a  lo w e r  a v a i la b i l i t y  c o e f f ic ie n t  
th a n  z in c  s u lp h a te  a p p lie d  b r o a d c a s t  an d  p lo u g h e d  in . O n  th e  o th e r  
h a n d , M u r p h y  a n d  W a ls h  (1 9 7 2 ) s ta te d  th a t  th e  o p t im u m  a p p lic a t io n  
r a te  f o r  m a n g a n e s e  is  g e n e r a l ly  m u c h  lo w e r  w ith  b an d , th a n  w ith  
b r o a d c a s t ,  a p p lic a t io n .  S im i la r  v a r ia t io n s  m a y  o c c u r  w ith  c h e la t in g  
a g e n t  f e r t i l i z e r s  a n d , p r a c t ic a l ly  a n d  e c o n o m ic a l ly ,  i t  w o u ld  be  
im p o r t a n t  to  d e te r m in e  th e  m o s t  e f fe c t iv e  a p p lic a t io n  m e th o d . P r o b a b ly  
th e  m e th o d  w i l l  d e p e n d  n o t o n ly  u p o n  th e  c h e la t in g  a g e n t b u t a ls o  u p o n  
a  n u m b e r  o f o th e r  v a r ia b le s ,  such  as  p la n t  s p e c ie s , s o i l  p r o p e r t ie s  
a n d  r a i n f a l l .  I f  le a c h in g  w e r e  l i k e ly  to  be s e r io u s , th e n  s o lid , le s s  
s o lu b le , fo r m s  o f c h e la t in g  a g e n t m ig h t  be u s e d . I t  w o u ld  be n e c e s s a r y  
to  f in d  b y  e x p e r im e n t  th e  m o s t  e f fe c t iv e  s o l id  f o r m  (p o w d e r , g ra n u le  
o r  p e l le t ) .  A p p l ic a t io n  r a te s ,  t im e s  (w h e th e r  b e fo r e ,  d u r in g  o r  a f t e r  
p la n t in g )  a n d  p la c e m e n t  w o u ld  s i m i l a r l y  h a v e  to  be d e te r m in e d . W h e r e  
s p r a y in g  is  fo u n d  to  be th e  m o s t  e f fe c t iv e  a p p lic a t io n  m o d e , s u ita b le  
s o lu t io n  c o n c e n tr a t io n s , t im e s  a n d  f r e q u e n c ie s  o f  a p p lic a t io n  w o u ld  
r e q u i r e  to  b e  fo u n d . D i r e c t  in je c t io n  in to  p la n ts  is  u n l ik e ly  to  be  
c o m m e r c ia l ly  v ia b le ,  b e in g  t im e  c o n s u m in g , la b o u r  in te n s iv e  an d  
e x p e n s iv e . I t  m a y  be u s e fu l  in  th e  la b o r a t o r y ,  h o w e v e r ,  s in c e , b y  
v a r y in g  th e  in je c t io n  p o in t  a n d  b y  m o n ito r in g  th e  s u b s e q u e n t m o v e m e n t ,  
d is t r ib u t io n  a n d  r e - d is t r ib u t io n  o f  m e t a l  w i t h in  th e  p la n t  t is s u e ,  th e  
r o le  o f  th e  c h e la t in g  a g e n t m ig h t  be d e te r m in e d .
In  one s tu d y  o n ly  (s e e  C h a p te r  2 )  w e r e  c h e la t in g  a g e n ts  s u p p lie d  
to  p la n ts  g ro w in g  on a s o i l  l im e d  to  a p H  b e tw e e n  7 a n d  8  a n d  h e n c e  
u n d e r  s t r e s s .  C h lo r o s is  a n d  lo w e r e d  t r a c e  m e t a l  le v e ls  w e r e  o b s e rv e d  
a n d  th e  c h e la t in g  a g e n ts  h a d  no s ig n if ic a n t  e f fe c t  on t r a c e  m e t a l  c o n te n t .  
F u r t h e r  w o r k ,  w ith  h ig h e r  le v e ls  o f a p p lic a t io n ,  m ig h t  a l lo w  a  c a te g o r ic  
s ta te m e n t  to  be m a d e  th a t  c h e la t in g  a g e n ts  do n o t in c r e a s e  t r a c e  m e t a l  
c o n te n t in  c o n d it io n s  l i k e ly  to c a u s e  d e f ic ie n c ie s .  A g a in , a p p lic a t io n  
m o d e s , r a te s  a n d  p la c e m e n t  w o u ld  r e q u ir e  to  b e  s tu d ie d .
F in a l l y ,  r a d io t r a c e r s  m a y  p r o v id e  a w id e  ra n g e  o f in f o r m a t io n  
a b o u t t r a c e  m e ta ls  in  s o i ls ,  u p ta k e  b y  p la n ts  a n d  r e la t io n s h ip s  b e tw e e n
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t r a c e  m e ta ls  a n d  c h e la t in g  a g e n ts . F o r  e x a m p le , th e y  m ig h t  in d ic a te  
th e  fo r m s  in  w h ic h  t r a c e  m e ta ls  a p p e a r  in  s o ils  o r  t h e i r  fu n c t io n  in  
e n z y m ic  r e a c t io n s  an d  w h e th e r  th e  a v a i la b i l i t y  o f p a r t ic u la r  m e ta ls  is  
a f fe c te d  b y  c h e la t in g  a g e n ts .
T h e  o v e r a l l  a im  in  such  s tu d ie s  w o u ld  be to  p ro v id e  as  la r g e  
a n d  as  c o m p r e h e n s iv e  a  b o d y  o f  in f o r m a t io n  as  p o s s ib le  on one p la n t  
s p e c ie s  a n d  on one s o i l  ty p e . T o  c o m p le te  th e  e v a lu a t io n  o f th e  r o le  
o f  th e  c h e la t in g  a g e n t th e  in v e s t ig a t io n  w o u ld  r e q u i r e  to  b e  w id e n e d  to  
in c lu d e  o th e r  s p e c ie s  an d  s o i ls .
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A P P E N D IX  
M IC R O B IO L O G IC A L  S T U D IE S
A . 1 IN T R O D U C T IO N
I t  w a s  n o te d , in  C h a p te r  4 , th a t  c o n tro ls  g ro w n  in  th e  v ic in i t y  
o f p la n ts  t r e a t e d  w ith  s o i l -a p p l ie d  14C -  H C O ~  c o n ta in e d  14C . T h is  
r a d io - a c t iv e  la b e l  w a s  c o n fin e d  m a in ly  to  the  le a v e s  an d  th e  u p p e r  s te m ,  
s u g g e s tin g  th a t  i t  h a d  b ee n  a b s o rb e d  th ro u g h  th e  le a v e s  f r o m  th e
a tm o s p h e r e .  A  re a s o n a b le  p o s tu la te  is  th a t  th e  o r ig in  o f  th is  la b e l  w a s
14 14
in  C O  (g )  f o r m e d  d u r in g  b re a k d o w n  o f  th e  C -  H C C L  s u p p lie d  to
14 -
th e  t r e a t e d  p la n t .  D e g r a d a t io n  o f th e  C -  H C O ^  c o u ld  h a v e  o c c u r r e d  
i n  th e  s o i l  a n d /o r  w ith in  the  p la n t .
14
A n  in v e s t ig a t io n  w a s  c o n d u c te d  in to  th e  p o s s ib i l i t y  th a t  th e  C  -
14H C O  w a s  b e in g  d e g ra d e d  in  th e  s o i l,  w ith  th e  r e le a s e  o f  C O  (g ).
J  u
T w o  e x p e r im e n t a l  te c h n iq u e s  w e r e  e m p lo y e d , e a c h  in v o lv in g  c o l le c t io n  
a n d  m e a s u r e m e n t  o f c a rb o n  d io x id e  g as .
A . 2 E X P E R I M E N T A L
A . 2 .1  M A N O M E T R IC  D E T E R M IN A T IO N  O F  C O  (g )  E V O L V E D  
D U R IN G  A N  IN C U B A T IO N  E X P E R I M E N T
(1) M a t e r i a ls  an d  M e th o d s
3
T h e  a p p a ra tu s  c o n s is te d  o f  a  100 c m  c o n ic a l f la s k  w ith  s id e - a r m  
to  w h ic h  a  t e s t - t u b e  w a s  f i t t e d .  T h e  o u t le t  f r o m  th e  c o n ic a l f la s k  w a s  
c o n n e c te d  b y  p la s t ic  tu b in g , v ia  a  t h r e e - w a y  ta p  f o r  v e n t in g , to  a  m a n -  . 
o m e te r  c o n ta in in g  a  d i t h iz o n e - c h lo r o f o r m  m ix t u r e .  T h e  f la s k  a n d  t e s t -  
tu b e  w e r e  p a r t ly  im m e r s e d  in  a  w a te r  b a th  h e ld  a t  3 7 ° C .  T h e  m a n o m e te r  
w a s  c a l ib r a t e d  in  c m . T h e  s o i l  is  d e s c r ib e d  in  C h a p te r  2 . S u c ro s e  
s o lu t io n s , m a d e  u p  in  d e io n is e d  w a te r ,  w e r e  u s e d  in  th e  p i lo t  e x p e r im e n t s .  
S u c ro s e , a c a r b o h y d r a te  a n d  a good e n e rg y  s o u rc e  f o r  m ic r o - o r g a n is m s ,  
s h o u ld  in c r e a s e  c a rb o n  d io x id e  p ro d u c t io n  b y  in c r e a s in g  m ic r o b ia l  
r e s p i r a t io n .  A lth o u g h  a  q u a n t ita t iv e  r e le a s e  o f gas w a s  n o t e x p e c te d ,  
i t  w a s  h o p ed  th a t  a s u f f ic ie n t ly  la r g e  v o lu m e  o f gas w o u ld  b e  e v o lv e d  
to  a l lo w  r e f in e m e n ts  to  be  m a d e  in  th e  te c h n iq u e . T h e  m o r e  d e m a n d in g
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s itu a t io n ,  in v o lv in g  s m a l l  q u a n t it ie s  o f C -  H C O  an d  s m a l l
14 3
v o lu m e s  o f  C O  (g ) , c o u ld  th e n  be ta c k le d .
3
1 0  g, 2  m m  s o il ,  in  f ie ld  m o is t  c o n d it io n , and  5 c m  o f a  
3 0  p p m  s u c ro s e  s o lu t io n  w e r e  p la c e d  in  th e  c o n ic a l f la s k  a n d  th e  t e s t -  
tu b e  r e s p e c t iv e ly .  T h e  s y s te m  w a s  e q u i l ib r a te d  f o r  30 m in u te s  in  th e  
w a t e r  b a th  a n d  p e r io d ic a l ly  v e n te d  to  th e  a tm o s p h e r e . T h e  s u c ro s e  
s o lu t io n  w a s  th e n  t ip p e d  in to  th e  s o i l  an d  th e  ta p  w a s  d ir e c t e d  to  a l lo w  
a n y  g a s e o u s  p ro d u c ts  to  e n te r  th e  m a n o m e te r .  R e a d in g s  w e r e  ta k e n  
im m e d ia t e ly  b e fo r e ,  a n d  im m e d ia te ly  a f t e r ,  a d d in g  th e  s u c ro s e .
F u r t h e r  r e a d in g s  w e r e  ta k e n  a f t e r  24  a n d  29 h o u rs .
T h e  e x p e r im e n t  w a s  r e p e a te d  w ith  a 3 00  p p m  s u c ro s e  s o lu t io n .
(2 )  R e s u lts  an d  D is c u s s io n
T a b le  A . 2 . 1. 1 M a n o m e te r  re a d in g s  f r o m  in c u b a tio n  e x p e r im e n t
T im e
a f t e r
a d d it io n
(h o u r s )
0 . 0
0 . 016
2 4 . 0
2 9 . 0
M a n o m e te r  re a d in g s  (c m )
30 p p m  s u c ro s e  s o lu t io n  3 0 0  p p m  s u c ro s e  s o lu t io n  
8 .9 0  8 . 30
1 0 .0 0  9 . 9 0
1 0 .0 0  9 .4 0
7 .1 0  1 2 .0 0
I t  is  in t e r e s t in g  th a t , in  b o th  c a s e s , th e  m a n o m e te r  re a d in g s  
in c r e a s e d  im m e d ia te ly  a f t e r  m ix in g .  I t  is  u n l ik e ly  th a t  m ic r o b ia l  a c t iv i t y  
o c c u r r e d  so r a p id ly  a n d  d is tu rb a n c e  o f th e  e x p e r im e n t a l  a r r a n g e m e n t  
b y  th e  o p e n in g  o f  the  ta p , o r  b y  h e a t  p ro d u c t io n  fo l lo w in g  up o n  s o i l  
w e t t in g ,  m a y  h a v e  b e e n  r e s p o n s ib le .
T h e  re a d in g  o b ta in e d  w ith  th e  30 p p m  s u c ro s e  s o lu t io n  a t  2 4  
h o u rs  s u g g e s ts  th a t  s o m e  (g )  w a s  p ro d u c e d . T h e  d e c r e a s e ,  5 h o u rs
l a t e r ,  w h ic h  to o k  th e  re a d in g  to  a le v e l  b e lo w  th a t  o f  th e  o r ig in a l ,  m a y  
h a v e  b e e n  a  c o n s e q u e n c e  o f th e  a p p a ra tu s  b e in g  in s u f f ic ie n t ly  s e n s it iv e
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to  d e a l w ith  s u c h  s m a l l  v o lu m e  c h a n g e s . O th e r  p o s s ib le  e x p la n a t io n s  
a r e  th a t  t h e r e  w a s  a  le a k  in  th e  s y s te m , a lth o u g h  th is  is  c o n s id e r e d  
u n l ik e ly ,  o r  th a t  c h a n g e s  in  a i r  p r e s s u r e  a f fe c te d  th e  m a n o m e te r  
r e a d in g s .  B a r o m e t r ic  ch an g es  w e r e  n o t m o n ito r e d  d u r in g  th e  e x p e r i ­
m e n t; m a k in g  i t im p o s s ib le  to  a s s e s s  th e  im p o r ta n c e  o f th is  f a c to r .
T h e  r e s u lt s  w ith  the  3 0 0  p p m  s u c ro s e  s o lu t io n  w e r e  le s s  
e q u iv o c a l.  H e r e ,  th e  re a d in g s  c o n tin u e d  to  in c r e a s e  b e y o n d  th e  2 4  
h o u r  in t e r v a l  w h ic h  m ig h t  s u g g e s t th a t  C O  (g )  h a d  b e e n  e v o lv e d , b u t
u
a g a in , b a r o m e t r ic  in f lu e n c e s  m a y  h a v e  b e e n  w h o l ly  o r  p a r t l y  r e s p o n s ib le .
A lth o u g h  a  r e a p p r a is a l ,  ta k in g  a c c o u n t o f  a tm o s p h e r ic  p r e s s u r e ,  
w o u ld  b e  n e c e s s a r y  to  d e m o n s tr a te  th e  v a lu e  o f th is  m e th o d , i t  w a s  c o n ­
s id e r e d  a t  th e  t im e  (b e c a u s e  la r g e  v o lu m e s  o f  s u c ro s e  w e r e  r e q u i r e d  
b e fo r e  m e a s u r a b le  v o lu m e  c h a n g es  o c c u r r e d )  th a t  i t  w o u ld  b e  u n s u it ­
a b le  f o r  th e  d e te c t io n  o f th e  s m a l l  v o lu m e  c h a n g e s  e x p e c te d  f r o m  th e  
14
q u a n t it ie s  o f  C  -  H C O ^  in v o lv e d  in  th e  a u to r a d io g r a p h ic  e x p e r im e n t .  
C o n s e q u e n tly , i t  w a s  d e c id e d  to  c o n s id e r  a n o th e r  m e th o d .
A .  2 . 2 f t - S C IN T IL L A T I O N  T O  D E T E R M IN E  1 4 C O  (g )  E V O L V E D  
D U R IN G  A N  IN C U B A T IO N  E X P E R I M E N T
( 1) M a t e r i a ls  an d  M e th o d s
T h e  e x p e r im e n t a l  a p p a ra tu s  is  i l l u s t r a t e d  in  F ig u r e  A . 2 . 2 .1 .
T h e  fo l lo w in g  p o in ts  a r e  n o te d :
( i )  a  r e s t r i c t o r  w a s  f i t t e d  to  th e  g as  c y l in d e r  to  re d u c e
th e  f lo w  r a t e ,
( i i )  th e  w a t e r  in  th e  f i r s t ,  t h r e e -n e c k e d ,  ro u n d -b o t to m e d
f la s k  w a s  in t r o d u c e d  to  in c r e a s e  th e  h u m id ity  o f  th e  
a i r  p r io r  to  i t s  e n te r in g  th e  s e c o n d  f la s k ,  th e  p u rp o s e  
b e in g  to  re d u c e  th e  r a te  o f  e v a p o r a t io n  o f  th e  p o ta s s iu m  
h y d r o x id e  s o lu t io n .
T h e  c o n d it io n s  o f  th e  a u to r a d io g r a p h ic  e x p e r im e n t  w e r e  
r e p r o d u c e d  a s  c lo s e ly  a s  p o s s ib le  by  p la c in g  th e  a p p a r a tu s  in  a  fu m e  
c u p b o a rd  w ith  c o n s ta n t ly  ru n n in g  fa n , b y  l ig h t in g  f o r  2 4  h o u rs  a  d a y  
a n d  b y  u s in g  e q u iv a le n t  t r e a tm e n t  le v e ls .
F ig u r e  A .  2 . 2 .1  A p p a ra tu s  u s e d  to  t r a p  C O ^  (g ) e v o lv e d  d u r in g  an
in c u b a tio n  e x p e r im e n t
W ID E  B O R E
C L E A R  P L A S T IC
T U B IN G  W ID E  B O R E
C L E A R  P L A S T IC  
T U B IN G A IR  B L E E D80%  N 2
20%  0 2  F R O M
H A L F ­
S A T U R A T E D
K O H
W A T E R
S O IL
C L A M P  S T A N D S
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T h e  s o i l  is  d e s c r ib e d  in  C h a p te r  2  and  th e  'd o p e d ' 3 p p m  
s o d iu m  b ic a r b o n a te  s o lu t io n  in  C h a p te r  4 . T h e  h a l f - s a t u r a t e d  s o lu t io n  
w a s  m a d e  b y  m ix in g  s a tu ra te d  p o ta s s iu m  h y d ro x id e  w ith  an  e q u a l v o lu m e  
o f  d is t i l l e d  w a t e r .
A  P h i l l ip s  L iq u id  S c in t i l la t io n  A n a ly z e r  w a s  u s e d  a n d  th e  
s c in t i l l a n t  w a s  to lu e n e  c o n ta in in g  4 g / l i t r e  2 , 5 - d ip h e n y lo x a z o le  ( P P O )  
a n d  0 .1  g / l i t r e  1 ,4  - d i -  ( 2 - ( 5 - p h e n y lo x a z o ly l ) )  -  b e n z e n e  (P O P O P ) .
3
10 c m  , 'd o p e d ', 3 p p m  b ic a rb o n a te  s o lu t io n  w e r e  a d d e d  to  th e  
3100 c m  c o n ic a l f la s k  w h ic h  c o n ta in e d  50 g, 2 m m  s o il  in  f ie ld  m o is t
3c o n d it io n . A i r  w a s  p a s s e d  th ro u g h  th e  s y s te m , a t  a r a te  o f 5 c m  /
14
m in u te ,  f o r  4 4  h o u rs , a n y  C O ,, b e in g  t r a p p e d  in  th e  h a l f - s a t u r a t e d  
p o ta s s iu m  h y d r o x id e  s o lu t io n  . D u p lic a te  s a m p le s  w e r e  re m o v e d  f r o m
3th e  gas t r a p  b y  E p in d o r f  p ip e tte  and  e a c h  s a m p le  w a s  m ix e d  w ith  15 c m  
o f  s c in t i l la n t  p r i o r  to  c o u n tin g .
A  c o n t r o l  e x p e r im e n t  w a s  u n d e r ta k e n  in  w h ic h  d is t i l le d  w a te r  
r e p la c e d  th e  'd o p e d ' b ic a rb o n a te  s o lu tio n .
(2 )  R e s u lts  and  D is c u s s io n
T h e  m e th o d  d e m a n d s  th a t  th e  s a m p le  be t o t a l ly  in c o r p o r a te d
w it h in  th e  s c in t i l la n t  b e fo re  c o u n tin g  c o m m e n c e s . In  an  a t te m p t  to
a c h ie v e  th is ,  A n a la r  m e th a n o l w a s  a d d e d  to  th e  s a m p le - s c in t i l la n t
m ix t u r e  in  th e  c o u n tin g  p h ia l .  T h e  v o lu m e  o f  m e th a n o l u s e d  is  c r i t i c a l  -
to o  l i t t l e  g iv e s  in c o m p le te  in c o r p o r a t io n  w h i le  to o  m u c h  r a is e s  th e
3
q u e n c h in g  to  a n  u n a c c e p ta b ly  h ig h  le v e l .  I n i t i a l l y ,  0 . 3 c m  m e th a n o l  
w a s  u s e d . H o w e v e r ,  s u c c e s s iv e  c o u n tin g s  o f th e  s a m e  s a m p le  
( T a b le  A .  2. 2 .1 )  s h o w e d  a d e c re a s e  o v e r  a  p e r io d  o f t im e ,  in d ic a t in g  
in c o m p le te  in c o r p o r a t io n  a n d  s e p a r a t io n  o f  th e  o r g a n ic  a n d  w a te r  l a y e r s .
N e v e r th e le s s ,  in  v ie w  o f  th e  v e r y  lo w  f ig u r e  o b ta in e d  w ith  th e  c o n t r o l ,
14 14
i t  d id  a p p e a r  th a t  (g) fo r m e d  d u r in g  d e g r a d a t io n  o f C  -
H C O ^  in  th e  s o i l.
T o  d e te r m in e  th e  o p tim u m  v o lu m e  o f m e th a n o l s e v e r a l  s a m p le s  
w e r e  p r e p a r e d  w ith  v a r y in g  q u a n t it ie s  a d d e d . T a b le  A . 2 . 2 . 2 g iv e s  
th e  c o u n ts  a n d  q u e n c h in g  v a lu e s  o b ta in e d . W i th  th e  h ig h e s t  v o lu m e  o f
T a b le  A . 2 . 2 .1  Q u e n c h in g  v a lu e s  an d  counts  o b ta in e d  f r o m  s u c c e s s iv e  
c o u n tin g s  o f th e  s a m e  s a m p le  (c o u n tin g  t im e  = 10  
m in u te s  in  e a c h  c a s e )3"
S a m p le  c o u n tin g  
n u m b e  r ^
Q
V o lu m e  m e th a n o l  
( c m 3 )
Q u e n c h in g c o u n ts  ^  
(d . p. m .  )
1 0. 3 0. 674 9 2 4 . 05
2 0. 3 0 . 6 6 8 8 6 9 .1 5
3 0. 3 0 . 6 6 8 8 5 6 . 4 5
4 0 . 3 0 . 6 6 6 8 5 0 . 6
5 0 . 3 0 . 851 2 3 . 85
a  R e s u lts  g iv e n  as m e a n  o f d u p lic a te  s a m p le s .
b  N u m b e r s  1 - 4  r e f e r  to  s u c c e s s iv e  c o u n tin g s  o f th e  s a m e  s a m p l
N u m b e r  5 r e f e r s  to  the  c o n tr o l.
c V o lu m e  o f m e th a n o l a d d e d  to  e a c h  c o u n tin g  p h ia l to  im p r o v e
s a m p le  in c o r p o r a t io n .
d d . p . m . = d is in te g r a t io n s  p e r  m in u te .
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T a b le  A . 2 . 2 . 2 E f f e c t  on counts  and  q u e n c h in g  o f  in c r e a s in g  v o lu m e s  
o f  m e th a n o l (c o u n tin g  t im e  = 10  m in u te s  in  e a c h  c a s e )a
S a m p le  n u m b e r V o lu m e  m e th a n o l Q u e n c h in g C o u n ts
( c m 3 ) (d . p . m .  )
1 0. 5 0 . 6 6 6 1 0 0 2 . 5
2 0 . 7 0 . 584 7 0 2 . 7
3 0 .9 0 .4 9 7 881. 25
4 3 .9 0 . 2 94 1671. 25
a R e s u lts  g iv e n  as  m e a n  o f d u p lic a te  s a m p le s ,
b  V o lu m e  o f m e th a n o l a d d e d  to  s a m p le  p r io r  to  c o u n tin g ,
c d . p. m .  = d is in te g r a t io n s  p e r  m in u te .
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m e th a n o l q u e n c h in g  w a s  u n a c c e p ta b ly  h ig h . L o w e r  v o lu m e s  g av e  
q u e n c h in g  w i t h in  re a s o n a b le  l im i t s .  O n c e  m o r e ,  h o w e v e r ,  s u c c e s s iv e  
c o u n tin g s  in  in d iv id u a l  s a m p le s  d e c re a s e d  o v e r  a p e r io d  o f t im e .
A .  3 C O N C L U S IO N S
F r o m  th e  r e s u lts  o f the  m a n o m e t r ic  e x p e r im e n t  i t  a p p e a r e d  
th a t  th e  m e th o d  w a s  d i f f ic u lt  and  p e rh a p s  u n s u ita b le  fo r  th e  d e te c t io n  
o f v e r y  s m a l l  q u a n t it ie s  o f g as . T h e  p - s c in t i l la t io n  m e th o d , h o w e v e r ,  
is  c a p a b le  o f  d e te c t in g  v e r y  s m a l l  q u a n t it ie s  and  f u r t h e r ,  b e in g  a  h ig h ly  
s p e c i f ic  m e th o d , i t  m a y  be u s e d  to  p in p o in t  th e  s o u rc e  o f th e  la b e l le d  
C O z (g )  e v o lv e d  in  th e  e x p e r im e n t .  I f  th e  p r o b le m s  o f  in c o m p le te  
in c o r p o r a t io n  in  th e  s c in t i l la n t  a n d  o f  p h a s e  s e p a r a t io n  c a n  b e  o v e r c o m e  
i t  w o u ld  b e  p o s s ib le  to  o b ta in  q u a n t ita t iv e  in fo r m a t io n .
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